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1
LIGHT-PROJECTING DEVICE, AND
VEHICLE HEADLAMP INCLUDING

LIGHT-PROJECTING DEVICE

This Nonprovisional application claims priority under 35
U.S.C. §119 on Patent Application No. 2011-144821 filed in
Japan on Jun. 29, 2011, on Patent Application No. 2011-
144818 filed in Japan on Jun. 29, 2011, and on Patent Appli-
cation No. 2012-008483 filed in Japan on Jan. 18, 2012, the
entire contents of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD

The present invention relates to a light-projecting device
including a plurality of light source units, and more specifi-
cally, relates to a light-projecting device capable of forming a
desired illuminated region by projecting light in a partitioning
manner with each of the light source units.

BACKGROUND ART

Conventionally, halogen lamps have often been used as
headlamps for cars or the like (vehicle headlamp). However,
in recent years, headlamps that use HID lamps (High Dis-
charge Lamp) are increasing in its number.

Headlamps are generally configured capable of forming a
low beam light distribution pattern (illuminated region),
which pattern has a cut-off line on its upper edge. This is to
ensure forward visibility for the driver while preventing a
driver of an oncoming vehicle from becoming dazzled by the
headlamps.

Headlamps which use light emitting diodes (LED) as their
light sources have been developed eagerly recently, which
LED is low in its electricity consumption. For example,
Patent Literature 1 discloses a headlamp that forms an illu-
minated region 111 by combining patterns 1114 to 111c¢ that
are obtained by projecting light on different regions with
respective light source units (hereinafter, called region parti-
tioning headlamps), as illustrated in FIG. 37.

Moreover, Patent Literature 2 discloses a headlamp that
forms an illuminated region 211 by overlapping patterns 211a
to 2114 of respective light source units in a superposed man-
ner (hereinafter, called superposed headlamp), as illustrated
in FIG. 38.

CITATION LIST
Patent Literature

Patent Literature 1

Japanese Patent Application Publication, Tokukai, No.
2007-030570 A (Publication Date: Feb. 8, 2007)

Patent Literature 2

Japanese Patent Application Publication, Tokukai, No.
2008-013014 A (Publication Date: Jan. 24, 2008)

Patent Literature 3

Japanese Patent Application Publication, Tokukai, No.
2004-231179 A (Publication Date: Aug. 19, 2004)

SUMMARY OF INVENTION
Technical Problem

In order to project the light from the light source to a small
spot with use of a reflector, it is preferable that the brightness
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2

of the light source is high and that a relative size of the light
source with respect to the reflector is sufficiently small.

However, with the halogen lamp, the HID lamp or the LED,
not enough brightness is obtained. Furthermore, there are
technical limits in reducing the diameter size of the light
source, so therefore it is not possible to project light to a small
region with use of a reflector having a small diameter.

Hence, in order to project light from the light source to a
further smaller spot, it is necessary to use a reflector having a
large diameter; with the headlamps which are limited in its
disposed space, it was difficult to employ this into practical
use.

Accordingly, in the headlamp disclosed in Patent Litera-
ture 1, the spot diameter of the light source unit cannot be
controlled, and thus is difficult to project light to the illumi-
nated region upon partitioning the illuminated region into
smaller regions. Namely, it is necessary to use a reflector of a
large diameter to project light to the illuminated region in a
partitioning manner of further smaller regions, which as a
result causes a problem that the device configuration
increases in its size.

Moreover, with the superposed headlamp as in Patent Lit-
erature 2, light is projected from a plurality of light sources to
the superposed region. This causes a problem that illumina-
tion efficiency drops due to the unnecessary generation of
luminous flux.

The present invention is accomplished in view of the fore-
going problems, and an object thereof is to provide a light-
projecting device that is capable of efficiently forming a desir-
able illuminated region.

Solution to Problem

In order to attain the object, a light-projecting device
according to the present invention includes a plurality of light
source units each including (i) a light emitting section that
emits light upon receiving light and (ii) a light distribution
section provided corresponding to the light emitting section,
the light distribution section distributing light from the light
emitting section to a part of an illuminated region, each of the
light source units projecting light from the light emitting
section to a corresponding light-projected region, the light-
projected region being a partitioned region of the illuminated
region, and the illuminated region being formed by combin-
ing a plurality of the light-projected region to which light is
projected from a corresponding one of the light source units.

In the foregoing configuration, a light source unit includes
a light emitting section that emits light upon receiving light.
Hence, it is possible to reduce size of the light emitting
section, thereby making it possible to have the light emitting
section be of a relatively smaller size with respect to that of
the light distribution section. This thus allows for achieving
high light distribution characteristics even with use of a light
distribution section of a small diameter. Accordingly, each of
the light source units can project light received from the light
emitting section to a smaller region and can reduce the size of
the device configuration.

The light-projecting device according to the present inven-
tion includes a plurality of such light source units, and each of
the light source units projects light from the light emitting
section to light-projected regions which are partitioned
regions of an illuminated region. Namely, each of the light
source units projects light to the illuminated region in a par-
titioning manner.

Hence, by combining a plurality of small light-projected
regions per light source unit, it is possible to form a desired
illuminated region.
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Moreover, in the foregoing configuration, the light source
units project light to different light-projected regions every
unit. Hence, no unnecessary luminous flux is generated,
thereby enabling efficient illumination.

Asaresult, according to the present invention, it is possible
to accomplish a light-projecting device that allows for effi-
ciently forming a desired illuminated region.

Advantageous Effects of Invention

As described above, the light-projecting device according
to the present invention includes a plurality of light source
units each including (i) a light emitting section that emits light
upon receiving light and (ii) a light distribution section pro-
vided corresponding to the light emitting section, the light
distribution section distributing light from the light emitting
section to a part of an illuminated region, each of the light
source units projecting light from the light emitting section to
a corresponding light-projected region, the light-projected
region being a partitioned region of the illuminated region,
and the illuminated region being formed by combining a
plurality of the light-projected region to which light is pro-
jected from a corresponding one of the light source units.

Hence, according to the present invention, an effect is
brought about that it is possible to accomplish a light-project-
ing device that is capable of efficiently forming a desired
illuminated region.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1

FIG. 1 is a plan view schematically illustrating a configu-
ration of a light-projecting device according to Embodiment
1.

FIG. 2

FIG. 2 is a perspective view of the light-projecting device
illustrated in FIG. 1.

FIG.3

FIG. 3 is a cross sectional view schematically illustrating a
configuration of a light source unit included in the light-
projecting device illustrated in FIG. 2.

FIG. 4

FIG. 4 is a schematic view illustrating an illuminated
region in which light is projected on a master flat plane by the
light-projecting device illustrated in FIG. 1.

FIG. 5(a)

FIG. 5(a) is a schematic view illustrating a modification of
an illuminated region in which light is projected on a master
flat plane by the light-projecting device illustrated in FIG. 1.

FIG. 5(b)

FIG. 5(b) is a schematic view illustrating a modification of
an illuminated region in which light is projected on a master
flat plane by the light-projecting device illustrated in FIG. 1.

FIG. 5(¢)

FIG. 5(c) is a schematic view illustrating a modification of
an illuminated region in which light is projected on a master
flat plane by the light-projecting device illustrated in FIG. 1.

FIG. 6(a)

FIG. 6(a) is a front view illustrating an example of a dis-
position of a reflector provided in the light-projecting device
illustrated in FIG. 1.

FIG. 6(b)

FIG. 6(b) is a front view illustrating another example of a
disposition of a reflector included in the light-projecting
device illustrated in FIG. 1.
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FIG.7

FIG. 7 is a block diagram schematically illustrating a con-
figuration of a light-projecting device according to Embodi-
ment 2.

FIG. 8

FIG. 8 is a cross sectional view schematically illustrating a
configuration of a light source unit included in the light-
projecting device illustrated in FIG. 7.

FIG. 9

FIG. 9 is a flow chart illustrating a series of processes
carried out to individually control quantities of light of the
light source unit included in the light-projecting device illus-
trated in FIG. 7.

FIG. 10(a)

FIG. 10(a) is a schematic view illustrating an operational
state of a light source unit that is controlled in its quantity of
light by the processes illustrated in FIG. 9.

FIG. 10(b)

FIG. 10(b) is a schematic view illustrating an operational
state of a light source unit that is controlled in its quantity of
light by the processes illustrated in FIG. 9.

FIG. 11(a)

FIG.11(a)is a front view illustrating a disposition example
of a reflector provided in the light-projecting device illus-
trated in FIG. 7.

FIG. 11(b)

FIG. 11() is a front view illustrating another disposition
example of a reflector provided in the light-projecting device
illustrated in FIG. 7.

FIG. 12

FIG. 12 is a front view illustrating a modification of yet
another reflector provided in the light-projecting device illus-
trated in FIG. 7.

FIG. 13

FIG. 13 is a block diagram schematically illustrating a
configuration of a light-projecting device according to
Embodiment 3.

FIG. 14

FIG. 14 is a flow chart illustrating a series of processes for
individually controlling quantities of light of the light source
unit provided in the light-projecting device illustrated in FI1G.
13.

FIG. 15(a)

FIG. 15(a) is a schematic view illustrating an operational
state of a light source unit that is controlled in its quantity of
light by the processes illustrated in FIG. 14.

FIG. 15(b)

FIG. 15(b) is a schematic view illustrating an operational
state of a light source unit that is controlled in its quantity of
light by the processes illustrated in FIG. 14.

FIG. 16

FIG. 16 is a block diagram schematically illustrating a
light-projecting device according to Embodiment 4.

FIG.17

FIG. 17 is a flow chart illustrating a series of processes for
controlling lighting of a light source unit provided in the
light-projecting device illustrated in FIG. 16.

FIG. 18(a)

FIG. 18(a) is a schematic view for describing a lighted state
of the light source unit, and illustrates an illuminated region
on a master flat plane when moving straight forward.

FIG. 18(b)

FIG. 18(b) is a schematic view for describing a lighted state
of the light source unit, and illustrates an illuminated region
on a master flat plane when turning right.



US 9,108,568 B2

5

FIG. 19

FIG. 19 is a top view illustrating the illuminated region at
the time of turning right as illustrated in FIG. 18(5).

FIG. 20(a)

FIG. 20(a) is a schematic view for describing a modifica-
tion of a lighted state of the light source unit, and illustrates an
illuminated region on a master flat plane when traveling at
high speed.

FIG. 20(b)

FIG. 20(b) is a schematic view for describing a modifica-
tion of a lighted state of the light source unit, and illustrates an
illuminated region on a master flat plane when traveling at
low speed.

FIG.21

FIG. 21 is a top view illustrating the illuminated region
when traveling at low speed as illustrated in FIG. 20(b).

FIG. 22

FIG. 22 is a plan view schematically illustrating a light-
projecting device according to Embodiment 5.

FIG.23

FIG. 23 is a schematic view illustrating an illuminated
region in which light is projected on a master flat plane by the
light-projecting device illustrated in FIG. 22.

FIG. 24

FIG. 24 is a schematic view illustrating an illuminated
region in which light is projected on a master flat plane by the
light-projecting device, in a case in which a part of the light
source unit illustrated in FIG. 22 is broken down.

FIG. 25

FIG. 25 is a plan view schematically illustrating a configu-
ration of the light-projecting device according to Embodi-
ment 6.

FIG. 26

FIG. 26 is a schematic view illustrating an illuminated
region in which light is projected on a master flat plane by the
light-projecting device illustrated in FIG. 25.

FIG.27

FIG. 27 is a cross sectional view schematically illustrating
a configuration of a light source unit included in the light-
projecting device illustrated in FIG. 25.

FIG. 28

FIG. 28 is a plan view illustrating light projecting direc-
tions of other light source units when a part of the light source
unit is broken down in the light-projecting device illustrated
in FIG. 25.

FIG. 29

FIG. 29 is a schematic view illustrating an illuminated
region in which light is projected on a master flat plane by a
light-projecting device, when a part of the light source unit in
the light-projecting device illustrated in FIG. 25 is broken
down.

FIG. 30

FIG. 30 is a cross sectional view illustrating an example of
a light source unit that is capable of changing an irradiated
position of a laser beam on the light emitting section.

FIG. 31

FIG. 31 is a plan view illustrating a configuration of a
light-projecting device including a plurality of light source
units that can enlarge their light-projected regions.

FIG. 32

FIG. 32 is a plan view schematically illustrating a light-
projecting device according to Embodiment 7.

FIG. 33

FIG. 33 is a plan view illustrating light projecting direc-
tions of the light source units in a case in which a part of the
light source units is broken down in the light-projecting
device illustrated in FIG. 32.
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FIG. 34

FIG. 34 is a cross sectional view schematically illustrating
a configuration of an auxiliary light source unit illustrated in
FIG. 32.

FIG. 35

FIG. 35 is a cross sectional view schematically illustrating
a configuration of a modification of the light source unit.

FIG. 36

FIG. 36 s a cross sectional view illustrating a configuration
of'a modification of the light source unit.

FIG. 37

FIG. 37 is a schematic view of an illuminated region of a
conventional region partitioning headlamp.

FIG. 38

FIG. 38 is a schematic view illustrating an illuminated
region of a conventional superposed headlamp.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

Described below is a first embodiment of a light-projecting
device according to the present invention, with reference to
FIG. 1 through FIG. 6(4). The present embodiment exempli-
fies a case in which the light-projecting device according to
the present invention is employed to a high beam headlamp
(driving headlamp) for a car (vehicle).

Note however that the light-projecting device according to
the present invention may be accomplished as a low beam
headlamp (passing headlamp) or as a vehicle headlamp other
than for a car. Furthermore, the light-projecting device
according to the present invention may be accomplished as
another light-projecting device such as a headlamp for a
moving object other than a vehicle (e.g. human being, ship,
airplane, submarine, rocket), or may be accomplished as a
searchlight, projector, or an indoor illumination device
(downlight, standlamp etc.).

<Configuration of Light-Projecting Device 100>

First described is the configuration of a light-projecting
device 100 according to the present embodiment, with refer-
ence to FIG. 1 to FIG. 3.

FIG.1isaplan view schematically illustrating the configu-
ration of the light-projecting device 100 according to the
present embodiment, and FIG. 2 is a perspective view illus-
trating the light-projecting device 100 illustrated in FIG. 1. As
illustrated in FIG. 1 and FIG. 2, the light-projecting device
100 includes a light source unit 1. In the present embodiment,
the light source unit 1 includes five light source units 1a to 1e,
and the light source units 1a to 1e are aligned in one line in a
horizontal direction, on a metal base 7. The light source unit
1is provided one each on either front edges of the car in which
the light source unit 1 is provided (hereinafter, called loaded
vehicle).

The light-projecting device 100 forms a desired illumi-
nated region 11 by combining a plurality of light-projected
spots (light-projected regions) 11a to 11e that are projected
with light by the light source units 1a to 1e, respectively.

The following description explains configurations of the
light source unit 1 and the metal base 7. As to the light source
unit 1, since the light source units 1a to le are substantially
identical in configuration, description for just the light source
unit 1a is provided.

Light Source Unit 1

FIG. 3 is a cross sectional view schematically illustrating a
configuration of the light source unit 1a provided in the light-
projecting device 100 illustrated in FIG. 2. As illustrated in
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FIG. 3, the light source unit 1« includes a laser element 2, a
converging lens 3, a light emitting section 4, and a reflector
(light distribution section) 5.

(Laser Element 2)

The laser element 2 is a light emitting element functioning
as an excitation light source that emits light (excitation light,
laser beam). The laser element 2 is disposed outside the
reflector 5; this laser element 2 may be one which includes
one light emitting point per chip, or may include a plurality of
light emitting points per chip.

By using a laser beam as the excitation light, it is possible
to control an emitted range with respect to the light emitting
section 4 in a narrow manner. This hence allows for reducing
the size of the light emitting section 4. Therefore, light emit-
ted from the light emitting section 4 is controlled in its optical
path by the reflector 5, to efficiently project light. This allows
for accomplishing a highly bright light source unit 1a that is
improved in light distribution characteristics.

Instead of the laser element 2, it is also possible to use LED
(light emitting diode). However, it is preferable to use the
laser element 2 that has a higher brightness than the LED,
since it is possible to achieve a higher brightness of the light
emitting section 4.

Just one laser element 2 may be used as described in the
present embodiment. However, in order to achieve a laser
beam having a high output, it is easier to use a plural number
of laser elements 2. In a case in which a plurality of laser
elements 2 are provided, a laser beam is emitted from each of
the plurality of laser elements 2, as excitation light. In this
case, laser beams of different wavelengths may be emitted
from the laser elements 2 so that a plurality of kinds of lasers
are combined; for example, a blue laser may be combined
with a green laser, or a violet laser may be combined with a
blue laser.

Moreover, in a case in which the quantities of light of the
light source units 1a to 1e are not individually controlled as in
the present embodiment, the light source units 1a to 1le may
share a common laser element 2. In this case, the laser beam
emitted from the common laser element 2 is split up, to be
distributed to each of the light source units 1a to le.

The laser beam of the laser element 2 has a wavelength of,
for example, 405 nm (violet) or 450 nm (blue). Itis not limited
to these however, and is selected as appropriate depending on
the kind of fluorescent material contained in the light emitting
section 4.

In the present embodiment, the laser element 2 is mounted
on a metal packaging having a diameter of 9 mm, and emits a
laser beam having a wavelength of 405 nm (violet) and with
anoutput of 1 W. The laser element 2 is connected to a wiring
9, and through this wiring 9, electric power and the like are
supplied to the laser element 2.

(Converging Lens 3)

The converging lens 3 is for adjusting a light emitted range
so that the laser beam emitted from the laser element 2 is
appropriately emitted to the light emitting section 4. The
converging lens 3 causes the laser beam to be emitted to the
light emitting section 4 via a window section 6 provided in the
reflector 5.

In the present embodiment, the converging lens 3 con-
verges the laser beams emitted from the laser element 2 so that
the emitted range of the laser beams on the light emitting
section 4 is of a diameter of 0.3 mm.

In the present embodiment, the converging lens 3 is made
up of one lens, however the converging lens 3 can be made up
by a plurality of lenses.
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(Light Emitting Section 4)

The light emitting section 4 emits fluorescence upon
receiving the laser beam emitted from the laser element 2, and
includes fluorescent material (fluorescent substance) that
absorbs the laser beam and emits fluorescence. More specifi-
cally, the light emitting section 4 is a member in which fluo-
rescent material is dispersed inside sealing material, or is
solidified fluorescent material. According to such a light emit-
ting section 4, it is possible to form the light emitting section
4 in a size smaller than the LED or the like.

The light emitting section 4 is disposed on the metal base 7
and at a substantially focal position of the reflector 5. Hence,
the fluorescence emitted from the light emitting section 4 has
its optical path be controlled by the fluorescence being
reflected on a reflective curve plane of the reflector 5. The
plane to which the laser beam of the light emitting section 4 is
emitted (hereinafter, called irradiated plane) may have a
reflection preventing structure that prevents the reflection of
the laser beam. This thus allows for preventing the reflection
of'the laser beam on the irradiated plane of the light emitting
section 4, thereby making it possible to guide more laser
beams inside the light emitting section 4 and convert those to
fluorescence.

Note that by disposing the light emitting section 4 in a
position shifted from the focal position of the reflector 5, it is
possible to intentionally control a light-projected range (spot
diameter) of the light source unit 1a.

Moreover, the light emitting section 4 is disposed inclined
on a slope section 7a provided on the metal base 7 so that an
extended plane E of the irradiated plane comes into contact
with an edge of an opening SA of'the reflector 5. This allows
for the fluorescence emitted from the light emitting section 4
to be efficiently distributed upon reflection on the reflector 5,
without the fluorescence directly leaking outside.

Furthermore, by providing the slope section 7a, it is not
possible to directly see the light emitting point of the light
emitting section 4 from the outside. This hence allows for
preventing the occurrence of dazzling caused by just having
one point be bright when seeing the light source unit 1a from
the outside.

Examples of the fluorescent material of the light emitting
section 4 encompass oxynitride fluorescent material (e.g.
SiAION fluorescent material) or III-V compound semicon-
ductor nanoparticle fluorescent material (e.g. indium phos-
phide: InP). These fluorescent materials each have high heat
tolerance against a high-output (and/or a high light density)
laser beam emitted from the laser element 2, and are optimum
as a laser illumination light source. Note that the fluorescent
material of the light emitting section 4 is not limited to those
described above, and other fluorescent materials may be
employed.

Moreover, it is stipulated by law that the illumination light
of' the light-projecting device 100 for cars must be white with
apredetermined range of chromaticity. Hence, the light emit-
ting section 4 includes fluorescent material selected so that
the illumination light is to be made white.

For example, when blue, green, and red fluorescent mate-
rial are included in the light emitting section 4 and the light
emitting section is irradiated with a laser beam of 405 nm, a
white light is generated. Moreover, when yellow fluorescent
material (or green and red fluorescent material) is included in
the light emitting section 4 and this light emitting section 4 is
irradiated with a laser beam 0f 450 nm (blue) (or alternatively,
a laser beam of a so-called bluish color, having a peak wave-
length in a wavelength range of not less than 440 nm but not
more than 490 nm), a white light is obtained.
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The sealing material of the light emitting section 4 is, for
example, glass material (inorganic glass, organic inorganic
hybrid glass), or resin material such as silicone resin. As glass
material, low melting glass may also be used. It is preferable
that the sealing material has a high transparency, and is pref-
erable in a case in which the laser beam is of a high output that
the sealing material has a high heat tolerance.

In the present embodiment, the light emitting section 4
includes RGB fluorescent material constituted of three types
of fluorescent material: red fluorescent material (CaAISiNj;:
Eu), green fluorescent material (B-SiAlON:Eu), and blue
fluorescent material ((BaSr)MgAl,,0,,:Eu), so that white
fluorescence is emitted upon irradiation with a laser beam
having a wavelength of 405 nm from the laser element 2.
Moreover, the light emitting section 4 is shaped of a square
whose one side is a length of 1 mm, and has a mixture of
fluorescent material powder and resin applied on the slope
section 7a so that a thin film having a thickness of 0.1 mm is
formed thereon. By having such a light emitting section 4, it
is possible to achieve a fluorescence of 80 lumen from each of
the light emitting sections 4, in the present embodiment.
Moreover, the light emitting section 4 can be formed as a
point light source that has a high brightness of 320 cd/mm?>.

When the light-projecting device 100 is to be used as an
illumination device other than a vehicle headlamp, the color
of the light emitted from the light emitting section 4 is not
limited to white, and may be a light emitting color other than
white, such as blue or red.

Moreover, a scattering section that reflects the laser beam
diffusely may be disposed in the vicinity of the focus of the
reflector 5, as the light emitting section 4. By using the scat-
tering section as the light emitting section 4, it is possible to
use the laser beam emitted from the laser element 2 as illu-
mination light. Namely, by distributing the laser beam scat-
tered by the scattering section with use of the reflector 5, it is
possible to use the laser beam as illumination light. In this
case, in order to output white light, a plurality of laser ele-
ments 2 which emit, to one reflector 5, laser beams of differ-
ent wavelengths, can be used in combination.

(Reflector 5)

The reflector 5 reflects the fluorescence emitted from the
light emitting section 4 and distributes light to a part of the
illuminated region 11. The reflector 5 may be, for example, a
member whose surface has a metal thin film formed thereon,
or may be a member made of metal.

The reflector 5 includes, in its reflection surface, at least a
part of a partial curved surface obtained by cross sectioning a
curved surface (parabolic curved surface) formed by rotating
a parabola about a symmetry axis of the parabola, which
symmetry axis serves as its rotational axis and which curved
surface is cross sectioned at a flat plane parallel to the rota-
tional axis. Moreover, the reflector 5 has a semicircular open-
ing 5A in a direction in which the fluorescence emitted from
the light emitting section 4 is distributed.

The light from the light emitting section 4 that is disposed
on a position substantially focal of the reflector 5 forms a
pencil of rays nearly parallel, by the reflector 5 that has the
reflection surface of the parabolic curved surface, and the
light is distributed in a forward direction of the opening 5A.
This allows for efficiently distributing light from the light
emitting section 4 within a narrow solid angle, thereby being
able to improve use efficiency of the light.

Moreover, the laser element 2 is disposed outside the
reflector 5, and the reflector 5 has a window section 6 that
allows transmission or passing through of the laser beam. The
window section 6 may be a through-hole, or may include a
transparent member through which the laser beam can be
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transmitted. For example, a transparent plate capable of trans-
mitting through a laser beam however provided with a filter
that reflects white light (fluorescence of light emitting section
4) may be provided as the window section 6. With this con-
figuration, it is possible to prevent the fluorescence emitted
from the light emitting section 4 from leaking from the win-
dow section 6.

The present embodiment uses a semicircular reflector 5
whose inner plane of a half parabola mirror made of resin is
coated with aluminum, and is sized to have a depth 0of 8.3 mm
and a radius 10 mm in its opening 5A.

The reflector 5 may be a parabola mirror having an opening
of a closed circular shape, or a member including a part
thereof. Moreover, it is also possible to use, other than the
parabola mirror, one of an oval shape or a freely curved shape,
or alternatively, a multifacet (multireflector). Furthermore,
the reflector 5 may partially include a part that is not a para-
bolic curved surface.

Moreover, although not illustrated, the light source unit 1a
may include a lens that controls the distribution of light, at the
opening 5A of the reflector 5.

With such a configuration, it is possible to accomplish the
light source units 1a to 1le including a small light emitting
section 4 having a high brightness, and thus improve the light
distribution characteristics of the light source units 1a to 1e.

Metal Base 7

The metal base 7 is a supporting member for supporting the
light source units 1a to 1e, and is made of metal (e.g. alumi-
num, coppet, or iron). Hence, the metal base 7 has high heat
conductivity; heat generated by the laser element 2 and the
light emitting section 4 provided on the metal base 7 is
released efficiently.

The member supporting the light emitting section 4 is not
limited to that made of metal, and may include substances
which have high thermal conductivity other than metal (glass,
sapphire, high thermoconductive ceramics etc.). However, it
is preferable that the surface of the slope section 7a on which
the light emitting section 4 is applied serve as a reflection
surface. By having the surface of the slope section 7a be the
reflection surface, it is possible to have the laser beam entered
from the irradiated plane of the light emitting section 4 to be
converted into fluorescence and then be reflected on the
reflection surface to travel towards the reflector 5. Moreover,
itis possible to have the laser beam entered from the irradiated
plane of the light emitting section 4 be reflected on the reflec-
tion surface so as to again travel inside the light emitting
section 4 to convert the laser beam into fluorescence.

<Light Distribution Characteristics of Light-Projecting
Device 100>

Next described are light distribution characteristics of the
light-projecting device 100, with reference to FIG. 4. With
vehicle headlamps, light distribution characteristics stan-
dards are set, which are indicative of, for example, illumina-
tion intensity, optical axis direction, and/or distribution of
light. The light distribution characteristics standards differ
between countries, so therefore it is necessary to form an
illuminated region that can accommodate to various light
distribution characteristics standards.

FIG. 4 is a schematic view illustrating an illuminated
region 11 in which light is projected on a master flat plane 20
by the light-projecting device 100. The master flat plane 20 is
a flat plane disposed perpendicularly at a position approxi-
mately 25 m away in a traveling direction of the loaded
vehicle.

As illustrated in FIG. 4, in a case in which the light-pro-
jecting device 100 is to illuminate a set region A (e.g., corre-
sponding to a high beam light distribution characteristics



US 9,108,568 B2

11

standard) on the master flat plane 20, the five light source
units 1a to 1e project light to the set region A in a partitioning
manner. More specifically, the light-projecting device 100
forms the illuminated region 11 corresponding to the set
region A by projecting light to different regions of the set
region A with the light source units 1a to 1e, and by combin-
ing these light-projected spots 11a to 11e.

As such, the light-projecting device 100 is a region parti-
tioning headlamp that projects light to the illuminated region
11 with the light source units 1a to le in a partitioning man-
ner, which each of the light source units 1a to 1e includes a
light emitting section 4 that emits fluorescence upon receiv-
ing a laser beam, as described above. This allows for making
the size of the light emitting section 4 relatively small with
respect to the reflector 5, thereby allowing for achieving high
light distribution characteristics even with use of a reflector 5
having a small diameter. Furthermore, each of the light source
units 1a to 1le can project the light from the light emitting
section 4 to the small light-projected spots 11a to 11e, and
thus can reduce the size of the light-projecting device 100.

The light-projecting device 100 according to the present
embodiment includes such light source units 1a to 1e. Hence,
it is possible to form a desired illuminated region 11 by
combining a plurality of the small light-projected spots 11ato
11e projected by the light source units 1a to 1e, respectively.

Moreover, in the light-projecting device 100, the light
source units 1a to 1e project light to the small light-projected
spots 11a to 11e, respectively, to form the illuminated region
11. Accordingly, no unnecessary pencil of rays is generated,
thereby allowing for efficient illumination.

Furthermore, by controlling the quantity of light for each of
the light source units 1a to 1e, it is possible to easily carry out
partial light quantity adjustment of the illuminated region 11.
For example, in a case in which the vicinity of a center of the
set region A is to be more brightly illuminated, the quantity of
light to the light-projected spots 116 to 11d is increased by for
example increasing individual outputs of the light source
units 15 to 14 that project light to the vicinity of the center of
the set region A. As a result, it is easily possible to carry out
light quantity adjustment, such as more brightly illuminating
the vicinity of the center of the set region A. The processes of
controlling the quantity of light for each of the light source
units la to le is described in detail in Embodiment 2
described later.

<Summary of Embodiment 1>

As described above, the light-projecting device 100
according to the present embodiment includes light source
units 1a to le, each of which includes (i) a light emitting
section 4 that emits light upon receiving a laser beam and (ii)
a reflector 5 provided corresponding to the light emitting
section 4 and which distributes light from the light emitting
section 4 to a part of the illuminated region 11, each of the
light source units 1a to 1e projecting the light from the light
emitting section 4 to a corresponding one of the light-pro-
jected spots 11a to 11e, which light-projected spots 11a to
11e are partitioned regions of the illuminated region 11, and
the illuminated region 11 being formed by combining a plu-
rality of the light-projected spots 11a to 11e that are projected
with light by its respective light source units 1a to le.

In the light-projecting device 100, the light source units 1a
to le each independently has a light emitting section 4 that
emits light upon receiving a laser beam. Hence, it is possible
to reduce the size of the light emitting section 4 so as to be
relatively smaller with respect to the reflector 5. This allows
for obtaining high light distribution characteristics even if a
reflector 5 of a small diameter is used. Consequently, the light
source units 1a to 1le can project light from the light emitting
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section 4 to the small light-projected spots 11a to 11e, while
reducing the size of the light-projecting device 100.

The light-projecting device 100 according to the present
embodiment includes such light source units 1a to le, and
each of the light source units 1a to 1e project light from the
light emitting section 4 to the light-projected spots 11a to 11e,
which light-projected spots are partitioned regions of the
illuminated region 11. Namely, the light source units 1a to 1e
project light to the illuminated region 11 in a partitioning
manner.

Hence, by combining a plurality of the small light-pro-
jected spots 11a to 11e that are projected with light by the
light source units 1a to le, respectively, it is possible form a
desired illuminated region 11.

Moreover, in the light-projecting device 100, each of the
light source units 1a to le project light to different light-
projected spots 11a to 11e. This prevents the generation of
unnecessary pencil of rays, thereby allowing for efficient
illumination.

Hence, according to the present embodiment, it is possible
to achieve a light-projecting device 100 that efficiently forms
the desired illuminated region.

<Modification>

Next described is a modification of the light-projecting
device 100 according to the present embodiment, with refer-
ence to FIG. 5(a) to FIG. 6(5).

(Modification of [lluminated Region 11)

FIG. 5(a) to FIG. 5(c) are schematic views each illustrating
a modification of the illuminated region 11 that is projected
with light by the light-projecting device 100 on the master flat
plane 20.

As illustrated in FIG. 5(a), for example an illuminated
region 12 may be formed in a case in which the set region A
is to be illuminated more brighter around the center, in which
the illuminated region 12 has the light-projected spots 115 to
11d that are positioned around the center of the setregion A be
positioned with a narrow pitch.

As such, according to the light-projecting device 100, the
light source units 1a to le project light to different light-
projected spots 11a to 11e, every unit. Hence, by changing the
positions of the light-projected spots 11a to 11e, it is possible
to easily form the illuminated region 12 in which the quantity
of light is controlled partially.

Moreover, an illuminated region 13 corresponding to a set
region B may be formed as illustrated in FIG. 5(b), by com-
bining light-projected spots 11a to 11i. In this case, the illu-
minated region 13 is partitioned into nine regions in a side-
ways direction and a vertical direction, and light source units
(omitted in illustration) project light to their corresponding
light-projected spots 11a to 11i. As such, it is possible to form
a desired illuminated region 13 by projecting light in a parti-
tioning manner in a sideways direction and a vertical direc-
tion, with use of the light-projected spots 11a to 11i.

Furthermore, an illuminated region 14 corresponding to a
set region C equivalent to a low beam light distribution char-
acteristics standard may be formed by combining the light-
projected spots 11a to 11g (see FIG. 5(¢)). In this case, it is
possible to form the illuminated region 14 corresponding to
the low beam light distribution characteristics standard by
disposing the light-projected spots 11a to 11e to be aligned in
one row and disposing the light-projected spots 11f'and 11g
above the light-projected spots 11a to 11e to form a cut offline
on an upper edge of the illumination region 14.

As such, by combining, as appropriate, the light-projected
spots 11a to 11/ and the like that project light to the illumi-
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nated region in a partitioning manner in the sideways and
vertical directions, it is possible to form an illuminated region
of any shape.

(Disposition Example of Reflector 5)

FIG. 6(a) and FIG. 6(b) are front views illustrating a dis-
position example of a reflector 5 provided in the light-pro-
jecting device 100.

In a case in which the reflectors 5a to 57 are to be disposed
as illustrated in FIG. 6(a), the reflectors 5a to 5e¢ may first be
aligned in one line, and the reflectors 5/to 5/ may be disposed
on the reflectors 5a to 5e, to form a zigzag disposition. This
forms the illuminated region 13 that corresponds to the set
region B illustrated in FIG. 5(b).

Moreover, as illustrated in FIG. 6(5), when the reflectors 5f°
to 5i are disposed in the zigzag manner on the reflectors 5a to
5e, it is preferable that the reflectors 5a to 5e and the reflectors
5fto 5i are disposed so that their circumferential parts are to
be in contact with each other. This reduces the volume of the
reflectors 5a to 5i that occupy the light-projecting device 100,
thereby enabling to reduce the size of the light-projecting
device 100.

Embodiment 2

Described below is a second embodiment of the light-
projecting device according to the present invention, with
reference to FIG. 7 to FIG. 12. The present embodiment
describes a light-projecting device 120 that controls the quan-
tity of light for every light source unit.

Members identical to the embodiments above are provided
with identical reference signs, and their descriptions have
been omitted.

<Configuration of Light-projecting device 120>

First described is a configuration of the light-projecting
device 120 according to the present embodiment, with refer-
ence to FIG. 7 and FIG. 8.

FIG. 7 is a block diagram schematically illustrating a con-
figuration of the light-projecting device 120 according to the
present embodiment. As illustrated in FIG. 7, the light-pro-
jecting device 120 includes a light source unit 21, a camera
30, and a light quantity adjustment section 40. In the present
embodiment, the light source unit 21 is made up of five light
source units 21a to 21e, and the light source units 21a to 21e
are aligned in one row in a horizontal direction and are cased
inside a chassis 27.

The following description deals with the configuration of
the light source unit 21, the chassis 27, the camera 30, and the
light quantity adjustment section 40; as to the light source unit
21, since the light source units 21a to 21e have substantially
identical configurations, description of just the light source
unit 21q is provided.

Light Source Unit 21

FIG. 8 is a cross sectional view schematically illustrating a
light source unit 21a provided in the light-projecting device
120 illustrated in FIG. 7. As illustrated in FIG. 8, the light
source unit 21a includes a laser element (light radiating sec-
tion) 2, a converging lens 3, a light emitting section 4, and a
reflector (light distribution section) 25.

(Laser Element 2)

In the present embodiment, the laser element 2 is mounted
on a metal package having a diameter of 9 mm, and is adjusted
s0 as to emit a laser beam having a wavelength of 405 nm
(violet) with an output of 2 W.

(Converging Lens 3)

The converging lens 3 converges the laser beam emitted
from the laser element 2 so that the irradiated range by the
laser beam on the light emitting section 4 is made to be a
diameter of 0.6 mm. In the present embodiment, the converg-
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ing lens 3 converts the laser beams to the light emitting
section 4 via a window section 6 provided on a vertex part of
the reflector 25.

(Light Emitting Section 4)

The light emitting section 4 is fixed on one end of a pillar 8
made of metal, and is disposed mostly at a focal position of
the reflector 25 whose cross section is of a parabola shape.
The light emitting section 4 is formed by applying, to the
pillar 8 that serves as a base, a mixture in which fluorescent
material powder is mixed into sealing resin. The other end of
the pillar 8 penetrates through the reflector 25, and is con-
nected to a heat releasing member (illustration omitted) that
has high thermal conductivity. Hence, heat generated on the
light emitting section 4 caused by irradiation of a laser beam
propagates to the heat releasing member through the pillar 8,
thereby allowing for efficiently releasing heat.

The pillar 8 is not limited to metal, and any material that has
good thermal conductivity may be used, for example sapphire
or the like. Moreover, use of a transparent material for the
pillar 8 allows for effectively using the light controlled by the
reflector 25, without shielding the light.

In the present embodiment, the light emitting section 4
includes a RGB fluorescent material of three types of fluo-
rescent material: a red fluorescent material (CaAlSiN;:Eu), a
green fluorescent material (-SiAION:Eu), and a blue fluo-
rescent material ((BaSr)MgAl, ,O,,:Eu), to emit white fluo-
rescence upon receiving a laser beam received from the laser
element 2, which laser beam has a wavelength of 405 nm.
Moreover, the light emitting section 4 is applied on the pillar
8 50 as to form a circular shaped thin film having a thickness
0f 0.1 mm and a diameter of 1 mm.

By including such a light emitting section 4, the present
embodiment can obtain a fluorescence of 200 lumen from the
light emitting section 4. Moreover, the light emitting section
4 can be functioned as a point light source having a high
brightness of 200 d/mm?.

(Reflector 25)

The reflector 25 includes at least a part of a curved surface
(parabolic curved surface) obtained by rotating a parabola
about its symmetry axis that serves as a rotational axis, and
has a circular shaped opening 25A in a direction in which
fluorescence emitted from the light emitting section 4 is
reflected.

Here, the light emitting section 4 is disposed so as to face
inside the reflector 25 from the opening 25A (facing a side of
a vertex of the reflection surface on the reflector 25), so
therefore the light emitted from the light emitting section 4 is
always reflected on the reflector 25 and thereafter projected
outside from the opening 25A. Thus, since it is not possible to
see the light emitting point on the light emitting section 4
directly from the outside, it is possible to prevent the occur-
rence of dazzling caused by having just one point (light emit-
ting point) be bright. Moreover, even when the laser beam
serves as the excitation light, it is possible to provide a con-
figuration with high safety, by use of the present configura-
tion.

The present embodiment uses a circular reflector 25 on
which aluminium is coated on an inner surface of a parabola
mirror made of resin, and a depth thereof is 8.0 mm and the
opening 25A has a radius of 15 mm.

According to such light source units 21a to 21e, it is pos-
sible to achieve a light emitting section 4 that has high bright-
ness while being small in size. As a result, it is possible to
improve the light distribution characteristics of the light
source units 21a to 21e.
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Although not illustrated, the light source unit 21a may
include a lens at the opening 25A of the reflector 25, for
correcting a distribution of the light beams.

Chassis 27

The chassis 27 is a housing which houses the light source
units 21a to 21e in its inside. The laser element 2 provided in
each of the light source units 21a to 21e housed inside the
chassis 27 are connected to the light quantity adjustment
section 40 via the wiring 9, and its quantity of light is con-
trolled individually.

Camera 30

The camera 30 includes an illuminated region 31 (see FIG.
10(a) and FIG. 10()), and consecutively captures surround-
ing images in the forward direction of the loaded vehicle. The
camera 30 is disposed, for example, in the vicinity of the room
mirror at a front part of the car. An image capturing device for
capturing a moving image at a television frame rate may be
used as the camera 30.

The camera 30 starts to capture the surrounding images in
the front direction of the loaded vehicle from a point in which
the light source units 21ato 21e are lighted on, and outputs the
captured moving image to the light quantity adjustment sec-
tion 40.

Light Quantity Adjustment Section 40

The light quantity adjustment section 40 controls the quan-
tity of light of the light source units 21a to 21e based on the
moving image captured by the camera 30. The light quantity
adjustment section 40 includes an object detection section 41,
an identification section 42, and a light quantity control sec-
tion 43.

(Object Detection Section 41)

The object detection section 41 analyzes the moving image
captured by the camera 30 and detects an object within light-
projected spots 31a to 31e. More specifically, the object
detection section 41, upon obtaining the moving image from
the camera 30, detects an object for every detection region,
which detection region is a region in the moving image that
corresponds to a respective one of the light-projected spots
31a to 31le and whose coordinate information is set in
advance.

When an object is detected in the detection region, the
object detection section 41 outputs a detection signal that is
indicative of the detection region from which the object is
detected, to the identification section 42.

(Identification Section 42)

The identification section 42 identifies a kind of the object
in the detection region, which object is indicated by the detec-
tion signal outputted from the object detection section 41.
More specifically, when the detection signal is obtained from
the object detection section 41, the identification section 42
extracts features such as a moving velocity, shape, position
and the like of the object within the detection region indicated
by the detection signal, and finds a feature value that is a
numerical value of the features.

The identification section 42 refers to a reference value
table stored in a memory (not illustrated), which reference
value table manages reference values that are the features
made into numerical values for every kind of object, and
thereafter retrieves a reference value whose difference with
the found feature value is within a predetermined threshold.
For example, the reference value table manages reference
values that correspond to an oncoming vehicle, a leading
vehicle, atraffic sign, an expectable obstacle or the like. When
a reference value that has a difference with the found feature
value within the threshold value is identified, the identifica-
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tion section 42 determines the object indicated by the refer-
ence value as the object detected by the object detection
section 41.

The identification section 42, based on the determination
result, outputs an identification signal that is indicative of the
kind of object indicated by the reference value and a detection
region in which the object is detected, to the light quantity
control section 43.

(Light Quantity Control Section 43)

The light quantity control section 43 individually controls,
in response to the kind of object indicated by the identification
signal outputted from the identification section 42, a quantity
of'light of the light source units 21a to 21e that project light to
the light-projected spots 31a to 31le corresponding to the
detection region in which the object is detected. For example,
the light quantity control section 43 individually controls the
quantity of light of the light source units 21a to 21e by
increasing or decreasing an electric current to be supplied to
the laser element 2 provided in the light source units 21a to
2le.

More specifically, when the kind of object indicated by the
identification signal that is outputted from the identification
section 42 is the oncoming vehicle, the leading vehicle or the
like, the light quantity control section 43 causes the output of
the light source units 21a to 21e that project light to the
light-projected spots 31a to 31e corresponding to the detec-
tion region in which the oncoming vehicle, the leading
vehicle or the like is detected, to be reduced individually.

On the other hand, when the kind of the object indicated by
the identification signal that is outputted from the identifica-
tion section 42 is the traffic sign, the obstacle or the like, the
light quantity control section 43 causes the output of the light
source units 21a to 21e that project light to the light-projected
spots 31a to 31e corresponding to the detection region in
which the traffic sign or obstacle is detected, to increase
individually.

Note that, by having the output of the light source units 21a
to 21ebe zero, the lighting of the light source, units 21a to 21e
is turned off. Hence, the light quantity control section 43 is
capable of individually switching between lighting on and off
of'the light source units 21a to 21e, by controlling the output
of the light source units 214 to 21e.

<Light Quantity Control of Light-Projecting Device 120>

Next described is a process of individually controlling the
quantity of light of the light source units 21a to 21e in the
light-projecting device 120, with reference to FIG. 9 to FIG.
10(b). F1G. 9 is a flow chart illustrating a series of processes
for individually controlling the quantity of light of the light
source units 21a to 2le provided by the light-projecting
device 120, and FIG. 10(a) and FIG. 10(b) are schematic
views illustrating an operational state of the light source units
21a to 21e that are controlled in its quantity of light by the
processes shown in FIG. 9.

As illustrated in FIG. 9, when the light source units 214 to
21e are lighted on, the camera 30 starts capturing a moving
image around the illuminated region 31 (S1). At this time, the
camera 30 captures the front direction of the loaded vehicle at
an angle of view that allows for capturing an entire illumi-
nated region 31 that the light source units 21a to 21e project
light to, and outputs the captured moving image to the light
quantity adjustment section 40.

Next, the object detection section 41 analyzes the moving
image captured by the camera 30 and detects an object inside
the light-projected spots 31a to 31e (S2). More specifically,
when the moving image is obtained from the camera 30, the
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object detection section 41 detects an object for every detec-
tion region in the moving image corresponding to the light-
projected spots 31a to 31e.

When an object is detected inside the detection region, the
object detection section 41 outputs a detection signal indica-
tive of the detection region from which the object is detected,
to the identification section 42. In a case illustrated in FIG.
10(a), the object detection section 41 outputs to the identifi-
cation section a detection signal indicative of a detection
region corresponding to the light-projected spot 31e.

Next, the identification section 42 identifies the kind of
object that is detected in the detection region, which object is
indicated by the detection signal outputted from the object
detection section 41 (S3). More specifically, when the detec-
tion signal is obtained from the object detection section 41,
the identification section 42 extracts features such as a mov-
ing velocity, shape, position and the like of the object within
the detection region, indicated by the detection signal, and
finds a feature value which is the features made into a numeri-
cal value.

The identification section 42 refers to the reference value
table, and retrieves a reference value that has a difference with
the found feature value within a predetermined threshold.
When the identification section 42 identifies a reference value
that has a difference with the found feature value within the
predetermined threshold, the identification section 42 deter-
mines that the object detected by the object detection section
41 is the object that is indicated by that identified reference
value.

The identification section 42 outputs, based on the deter-
mined result, an identification signal indicative of (i) the kind
of object indicated by the reference value and (ii) a detection
region from which the object is detected, to the light quantity
control section 43. In the case as illustrated in FIG. 10(a), the
identification section 42 determines that the kind of object is
an oncoming vehicle F and together outputs to the light quan-
tity control section 43 an identification signal indicative of the
detection region corresponding to the light-projected spot
31e, in which region the oncoming vehicle F is detected.

Next, in response to the kind of object indicated by the
identification signal outputted from the identification section
42, the light quantity control section 43 individually controls
the quantity of light of the light source units 21a to 21e that
project light toward the light-projected spots 314 to 31e cor-
responding to the detection region (S4). More specifically,
when the kind of object indicated by the identification signal
outputted from the identification section 42 is the oncoming
vehicle, leading vehicle or the like, the light quantity control
section 43 causes the output of the light source unit 21e to be
reduced, which light source unit 21e projects light to the
light-projected spot 31e corresponding to the detection region
in which the oncoming vehicle F is detected, as illustrated in
FIG. 10(b). This reduces the occurrence of irritating glare and
dazzling given toward a driver (user) and the like of the
oncoming vehicle F, thereby allowing achievement of a safe
and comfortable traffic environment.

On the other hand, when the kind of object indicated by the
identification signal outputted from the identification section
42 is the traffic sign, the obstacle or the like, the light quantity
control section 43 raises the output of the light source units
21a to 21e that projects light to the light-projected spots 31a
to 31e corresponding to the detection region in which the
traffic sign or obstacle is detected. This makes the traffic sign
orobstacle be illuminated brightly, thereby allowing foraccu-
rate reading of the traffic sign or accurate recognition of an
obstacle or the like by eyesight. As a result, it is possible to
achieve a safe traffic environment.
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The method of identifying the kind of the object in the
moving image is not limited to the foregoing, and a well
known technique may also be applied.

Moreover, the reference value table may manage, other
than the reference values corresponding to the oncoming
vehicle, leading vehicle, traffic signs, obstacle, and the like,
reference values corresponding to, for example, a pedestrian,
a light vehicle (e.g. bicycle), or a motorcycle. This makes it
possible to carry out optimum light quantity control in
response to the kind of object identified by the identification
section 42. The processes of individually controlling the
quantity of light of the light source units 21a to 21e with
respectto the pedestrian, light vehicle, motorcycle or the like,
is described in detail in Embodiment 3 described later.

<Summary of Embodiment 2>

As described above, the light-projecting device 120
according to the present embodiment includes light source
units 21a to 21e, each of which includes (i) a light emitting
section 4 that emits light upon receiving a laser beam and (ii)
a reflector 25 provided corresponding to the light emitting
section 4 and which distributes the light from the light emit-
ting section 4 to a part of an illuminated region 11, each of the
light source units 21a through 21e projecting the light from
the light emitting section 4 to the light-projected spots 31a to
31e, which light-projected spots 31a to 31e are partitioned
regions of the illuminated region 11, and the illuminated
region 31 being formed by combining a plurality of the light-
projected spots 31a to 31e that are projected with light by its
respective light source units 21a to 21e, and further includes
a light quantity control section 43 that individually controls a
quantity of light of the light source units 21a to 21e.

The light-projecting device 120 individually controls the
quantity of light of the light source units 214 to 21e. This thus
enables adjustment of the quantity of light for every light-
projected spot 31a to 3le, each of which correspond to a
respective one of the light source units 214 to 21e.

Hence, according to the present embodiment, it is possible
to accomplish a light-projecting device 120 that is capable of
controlling the quantity of light optimum for each region in
the illuminated region 31 in which a region to be made bright
is illuminated sufficiently bright, whereas for a region which
is to be held down in brightness, that region is illuminated
darkly.

Moreover, the light-projecting device 120 according to the
present embodiment further includes an object detection sec-
tion 41 that detects an object inside the light-projected spots
31a to 31e, and when the object detection section 41 detects
an object, the light quantity control section 43 individually
controls the quantity of light of the light source unit, which
light is to be projected to the light-projected spots 31a to 31e
in which the object is detected.

According to the light-projecting device 120, the light
quantity control section 43 can control the amount of light
projected to the object detected by the object detection sec-
tion 41. Therefore, it is possible to increase or decrease the
quantity of light that is projected to the detected object.

Moreover, the light-projecting device 120 according to the
present embodiment further includes an identification section
42 that identifies, by image recognition, the kind of object
detected by the object detection section 41, and the light
quantity control section 43, in response to the kind of object
identified by the identification section 42, individually con-
trols the quantity of light of the light source unit, which light
is to be projected to the light-projected spots 31a to 31e in
which the object is detected.

According to the light-projecting device 120, the quantity
oflight projected to the object can be controlled in response to
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the kind of object identified by the identification section 42.
Hence, it is possible to control the quantity of light such as
increasing or decreasing the quantity of light that is projected
to the object, in response the kind of object.

<Modification>

Next described is a modification of the light-projecting
device 120 according to the present embodiment, with refer-
ence to FIG. 11(a) to FIG. 14.

(Disposition Example of Reflector 25)

FIG. 11(a) and FIG. 11(b) are front views illustrating a
disposition example of the reflector 25 provided in the light-
projecting device 120.

As illustrated in FIG. 11(a), in a case in which reflectors
25a to 25i are disposed, the reflectors 254 to 25i are disposed
so that the reflectors 25a to 25¢ are aligned in one line, and
that the reflectors 25f'to 25/ are aligned in a zigzag manner on
the line of the reflectors 25a to 25e. This allows for forming
the illuminated region 13 corresponding to the set region B
illustrated in FIG. 5(b).

Moreover, as illustrated in FIG. 11(b), in a case in which
the reflectors 25a to 25g are disposed, the reflectors 255 to
25g may be disposed along an outer circumference of the
reflector 254, so as to surround the reflector 25a.

(Modification of Reflector 25)

FIG. 12 is a front view illustrating yet another modification
of'the reflector 25 provided in the light-projecting device 120.
As illustrated in FIG. 12, in the reflector 35, its inside of one
large parabola mirror is divided into four regions of 35a to
35d, and the quantity of light can be individually controlled
for each of the regions 35a to 354. Namely, a light emitting
section 4 is disposed for every one of the regions 35a to 354
in the reflector 35, and each of the regions function as an
independent light source unit.

Therefore, according to the reflector 35, it is possible to
reduce the size of the device configuration as well as improv-
ing the degree of freedom in its design.

Embodiment 3

Described below is a third embodiment of the light-pro-
jecting device according to the present invention, with respect
to FIG. 13 to FIG. 15(5). The present embodiment describes
alight-projecting device 140 that causes the light projected to
a pedestrian or the like to blink, to attract attention of the
pedestrian or the like to an approaching of a loaded vehicle.

Note that members identical to the foregoing embodiments
are provided with identical reference signs, and their descrip-
tions have been omitted.

<Configuration of Light-Projecting Device 140>

First described is a configuration of the light-projecting
device 140 according to the present embodiment, with refer-
ence to F1G. 13.

FIG. 13 is a block diagram schematically illustrating a
configuration of the light-projecting device 140 according to
the present embodiment. As illustrated in FIG. 13, the light-
projecting device 140 includes a light source unit 21, a camera
30, and a light quantity adjustment section 60.

Light Quantity Adjustment Section 60

The light quantity adjustment section 60 controls the quan-
tity of light of the light source units 21a to 21e based on the
moving image captured by the camera 30. The light quantity
adjustment section 60 differs from the light quantity adjust-
ment section 40 of Embodiment 2 in the point that it further
includes a distance detection section 44.

(Distance Detection Section 44)

The distance detection section 44 detects a distance
between an object captured by the camera 30 and the loaded
vehicle. More specifically, when an identification signal indi-
cating that the object is a pedestrian, light vehicle, motorcycle
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or the like (hereinafter, referred to as pedestrian etc.) is out-
putted from the identification section 42, the distance detec-
tion section 44 analyzes the moving image captured by the
camera 30 and detects a distance between the pedestrian etc.
and the loaded vehicle. Thereafter, the distance detection
section 44 outputs the detected distance between the pedes-
trian etc. and the loaded vehicle, to the light quantity control
section 43.

(Light Quantity Control Section 43)

The light quantity control section 43 individually controls
the quantity of light projected to the light-projected spots 31a
to 31e corresponding to the detection region, in accordance
with a kind of object indicated by the identification signal that
is outputted from the identification section 42. More specifi-
cally, when the kind of object identified by the identification
signal outputted from the identification section 42 is a pedes-
trian etc., the light quantity control section 43 controls so that
the light source unit projecting light to the light-projected
spot corresponding to the detection region in which the pedes-
trian etc. is detected is blinked.

For example, the light quantity control section 43 causes a
specific light source unit(s) 21a to 21e to blink, by modulating
an electric current supplied to the laser element 2 provided in
the light source units 214 to 21e.

<Controlling Quantity of Light of Light-Projecting Device
140>

Next described are processes of controlling the quantity of
light of the light source units 21a to 21e in the light-projecting
device 140, with reference to FIG. 14 to FIG. 15(5).

FIG. 14 is a flow chart illustrating the procedures carried
out to individually control the quantity of light of the light
sources unit 21a to 21e provided in the light-projecting device
140, and FIG. 15(a) and FIG. 15(b) are schematic views
illustrating an operational state of the light source units 21a to
21e in which the quantity of light is controlled by the pro-
cesses shown in FIG. 14.

As illustrated in FI1G. 14, when the light source units 21a to
21e are lighted on, the camera 30 starts to capture a moving
image ofthe surroundings of the illuminated region 31 (S11).
At this time, the camera 30 captures a forward direction of the
loaded vehicle in an angle of view capable of capturing the
entire illuminated region 31 to which the light source units
21a to 21e project light, and output the captured moving
image to the light quantity adjustment section 60.

Next, the object detection section 41 analyzes the moving
image captured by the camera 30, and detects an object inside
the light-projected spots 31a to 31e (S12). More specifically,
upon obtaining a moving image from the camera 30, the
object detection section 41 detects an object in every detec-
tion region in the moving image, which each detection region
corresponds to a respective one of the light-projected spots
31ato 31e.

Thereafter, when an object is detected in the detection
region, the object detection section 41 outputs, to the identi-
fication section 42, a detection signal indicative of the detec-
tion region in which the object is detected. In a case as
illustrated in FIG. 15(a), the object detection section 41 out-
puts, to the identification section 42, a detection signal indica-
tive of a detection region corresponding to the light-projected
spot 31e.

Next, the identification section 42 identifies the kind of the
object detected in the detection region, which object is indi-
cated by the detection signal outputted from the object detec-
tion section 41 (S13). More specifically, when the detection
signal is obtained from the object detection section 41, the
identification section 42 extracts features such as a moving
velocity, shape, position and the like of the object within the
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detection region indicated by the detection signal, and finds a
feature value that is a numerical value of the features.

Thereafter, the identification section 42 refers to the refer-
ence value table, to retrieve a reference value whose differ-
ence with the found feature value is within a predetermined
threshold. When a reference value that has a difference with
the found feature value within the predetermined threshold is
identified, the identification section 42 determines the object
indicated by that reference value as the object detected by the
object detection section 41.

The identification section 42, based on the determination
result, outputs an identification signal that is indicative of the
kind of object indicated by the reference value and the detec-
tionregion in which the object is detected, to the light quantity
control section 43 and the distance detection section 44. In a
case as illustrated in FIG. 15(a), the identification section 42
determines that the kind of object is a pedestrian P. Thereafter,
the identification section 42 outputs a detection signal indica-
tive of the detection region corresponding to the light-pro-
jected spot 31e in which the pedestrian P is detected, to the
light quantity control section 43 and the distance detection
section 44.

Next, the light quantity control section 43 individually
controls the quantity of light projected, for each of the light-
projected spots 31a to 31e corresponding to the detection
region, based on the kind of the object indicated by the iden-
tification signal outputted from the identification section 42
(814). More specifically, when the kind of object indicated by
the identification signal outputted from the identification sec-
tion 42 is the pedestrian P, the light quantity control section 43
controls so that the light source unit 21e projecting light to the
light-projected spot 31e corresponding to the detection region
in which the pedestrian P is detected is blinked, as illustrated
in FIG. 15(b). This enables to attract attention of the pedes-
trian P to an approaching loaded vehicle while not giving
excess glairiness to the pedestrian P, and can also notify the
driver of the loaded vehicle, of the presence of the pedestrian
P.

Here, it is preferable that the frequency to blink the light
source unit 21e is not less than 1 Hz but not more than 10 Hz.
By having the frequency to blink the light source unit 21e to
be not less than 1 Hz but not more than 10 Hz, it makes it
easier for the pedestrian P, the driver of the loaded vehicle and
the like to recognize the blinking of the light source unit 21e.
Hence, it is possible to notify the approaching of the loaded
vehicle to the pedestrian P, or to notify the presence of the
pedestrian P to the loaded vehicle, more effectively.

Subsequently, based on the change in distance between the
pedestrian P and the loaded vehicle, which distance is out-
putted from the distance detection section 44, the light quan-
tity control section 43 changes the frequency that causes the
blinking of the light source unit 21e. More specifically, as the
distance between the pedestrian P and the loaded vehicle
detected by the distance detection section 44 shortens, the
light quantity control section 43 raises the frequency for
blinking the light source unit 21e (S15). For example, in the
case in which the pedestrian P is far away, the frequency to
cause the blinking of the light source unit 21e is made to be
around 3 Hz, and by gradually increasing the frequency that
causes the light source unit 21e to blink to be up to around 30
Hz when the pedestrian P is approached the most, a high
effect of attracting attention of the pedestrian P and the driver
to danger is attainable.

Hence, it is possible to effectively notify the pedestrian P,
the driver or the like, of the approach of the loaded vehicle or
the presence of the pedestrian P.
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<Summary of Embodiment 3>

As described above, in the light-projecting device 140
according to the present embodiment, when it is identified by
the identification section 42 that the object is the pedestrian P
etc., the light quantity control section 43 causes each the light
source units 21a to 21e that project light towards the respec-
tive one of the light-projected spots 31a to 31e in which the
pedestrian P etc is detected, to individually blink.

The light-projecting device 140 causes the light source
units 214 to 21e that project light to the light-projected spots
31a to 31e in which the pedestrian P etc. is detected, to
individually blink. This allows for attracting attention of the
pedestrian P etc. to the approaching of the loaded vehicle,
without giving excess glairiness to the pedestrian P or the like,
and further can notity the driver of the loaded vehicle, of the
presence of the pedestrian P and the like.

Moreover, in the light-projecting device 140, the light
quantity control section 43 raises the frequency for blinking
the light source units 21a to 21e, as the distance between the
pedestrian P and the loaded vehicle detected by the distance
detection section 44 shortens. Hence, it is possible to effec-
tively notify the pedestrian P, the driver and the like, of the
approaching of the loaded vehicle or the presence of the
pedestrian P or the like.

Embodiment 4

Described below is the fourth embodiment of the light-
projecting device according to the present invention, with
reference to FIG. 16 to FIG. 21. The present embodiment
describes a light-projecting device 160 that changes an illu-
minated range in response to a traveling condition of the
loaded vehicle.

Members identical to the foregoing embodiments are pro-
vided with identical reference signs, and their descriptions
have been omitted.

<Configuration of Light-Projecting Device 160>

First described is the configuration of the light-projecting
device 160 according to the present embodiment, with refer-
ence to FIG. 16.

FIG. 16 is a block diagram schematically illustrating the
configuration of the light-projecting device 160 according to
the present embodiment. As illustrated in FIG. 16, the light-
projecting device 160 includes a light source unit 61 and a
light quantity adjustment section 80.

Light Source Unit 61

The light source unit 61 includes six light source units 21a
to 21f. The light source units 21a to 21fare aligned in one line
in a horizontal direction, and is cased inside a chassis 27.

Light Quantity Adjustment Section 80

The light quantity adjustment section 80 individually con-
trols the quantity of light of each of the light source units 21a
to 21f, in response to a traveling condition of the loaded
vehicle on which the light-projecting device 160 is loaded.
The light quantity adjustment section 80 includes a handle
operation detection section 45 and a light quantity control
section 43.

(Handle Operation Detection Section 45)

The handle operation detection section 45 detects handle
operation carried out by the driver. More specifically, the
handle operation detection section 45 detects a handle oper-
ated amount (steering angle) of the driver, and determines
whether or not the detected operated amount is not less than a
predetermined threshold. When the detected operated amount
is not less than the predetermined threshold, the handle opera-
tion detection section 45 outputs a detection signal indicative
of a direction (left or right) in which the handle is turned, to
the light quantity control section 43.
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(Light Quantity Control Section 43)

The light quantity control section 43 individually controls
the quantity of light of the light source units 21a to 21f. The
light quantity control section 43 lights on the light source
units 215 to 21e when the loaded vehicle is traveling straight
forward, and lights on the light source unit 21a or 21f in
response to the detection signal outputted from the handle
operation detection section 45. More specifically, when the
detection signal is outputted from the handle operation detec-
tion section 45, the light quantity control section 43 controls
to light on the light source unit 21a or 211 disposed on the side
on which the handle is turned as indicated in the detection
signal, to illuminate the direction that the loaded vehicle
turns.

<Lighting Control of Light-Projecting Device 160>

Next described is the lighting control of the light-project-
ing device 160, with reference to FIG. 17 to FIG. 19.

FIG. 17 is a flow chart of procedures carried out to control
the lighting of the light source units 21a to 21fprovided in the
light-projecting device 160 illustrated in FIG. 16. FIG. 18(a)
and FIG. 18(b) are schematic views for describing a lighted
state of the light source units 21a to 21f; FIG. 18(a) illustrates
an illuminated region on the master flat plane 20 at a time of
traveling straight forward, and FIG. 18(5) illustrates an illu-
minated region on the master flat plane 20 at a time of turning
right.

As illustrated in FIG. 17, when the light source units 215 to
21e are lighted on, the handle operation detection section 45
starts to detect a handle operation of the driver (S21). At this
time, as illustrated in FIG. 18(a), the illuminated region on the
master flat plane 20 at the time of traveling straight forward is
the illuminated region 31A (first illuminated region) formed
by the light-projected spots 315 to 31e.

Next, the handle operation detection section 45 detects the
handle operation of the driver, and determines whether or not
the detected operated amount is not less than a predetermined
threshold (S22). When the handle operated amount is not less
than the predetermined threshold (YES in S22), the handle
operation detection section 45 outputs to the light quantity
control section 43 a detection signal indicative of a direction
that the handle is turned.

On the other hand, when the detected handle operated
amount is less than the predetermined threshold (NO in S22),
the handle operation detection section 45 does not output a
detection signal, and continues the detection of the handle
operation.

Next, when the detection signal is outputted from the
handle operation detection section 45, the light quantity con-
trol section 43 lights on (a) the light source unit 21a that
projects light to the light-projected spot 31a or (b) the light
source unit 21f'that projects light to the light-projected spot
31/, each of which is disposed in the side of the direction in
which the handle is turned, as indicated by the detection
signal.

For example, in a case in which the handle is turned to the
right, the light quantity control section 43 causes the light
source unit 21f'to be lighted on, which projects light towards
the light-projected spot 31f. At this time, as illustrated in FIG.
18(b), the illuminated region on the master flat plane 20 is a
combination of the illuminated region 31A formed by the
light-projected spots 315 to 31e and an illuminated region
31C (second illuminated region) formed by the light-pro-
jected spot 31/

FIG. 19 is a top view illustrating an illuminated region at
the time of turning right, as illustrated in FIG. 18(6). As
illustrated in FIG. 19, by having the light source unit 21/ be
lighted on when turning right, it is possible to broaden the
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illuminated region to a direction that the loaded vehicle M is
to turn. This thus enables to illuminate the direction that the
loaded vehicle M is to turn, thereby improving visibility of the
driver and accomplishing a safe driving environment.

When the handle is turned to the left, the light quantity
control section 43 controls the light source unit 21a to project
light to the light-projected spot 31a. At this time, the illumi-
nated region on the master flat plane 20 is a combination of the
illuminated region 31A formed by the light-projected spot
314 to 31e and the illuminated region 31B (second illumi-
nated region) formed by the light-projected spot 31a, as illus-
trated in FIG. 18().

<Summary of Embodiment 4>

As described above, in the light-projecting device 160
according to the present embodiment, when the loaded
vehicle M turns left or right, the light quantity control section
43 controls the light source unit 21a or the light source unit
21fto project light to the illuminated region 31B or the illu-
minated region 31C, respectively, on the side to which the
loaded vehicle M turns.

Therefore, the light-projecting device 160 can broaden the
illuminated region in the direction that the loaded vehicle M
turns.

Moreover, the light-projecting device 160 further includes
the handle operation detection section 45 that detects a direc-
tion of the handle operation operated by the driver. This
makes it possible to detect the direction that the loaded
vehicle is to turn based on the handle operation of the driver.
Therefore, it is possible to identify the traveling direction of
the loaded vehicle M based on the handle operation of the
driver.

Hence, according to the present embodiment, it is possible
to illuminate the direction in which the loaded vehicle M
turns. This allows for achieving a light-projecting device 160
that improves the visibility of the driver, thereby providing a
safe driving environment.

As the method of identifying the traveling direction of the
loaded vehicle M, other than detecting the handle operation
by the driver, the straightness of the center line may be moni-
tored with an onboard camera, to identify the traveling direc-
tion of the loaded vehicle M based on a change in position of
the center line.

Moreover, the number of light source units that project
light to the illuminated regions 31B and 31C may be one each,
as exemplified in the present embodiment, or may be of a
plural number.

<Modification>

Next described is a modification of the light-projecting
device 160 according to the present embodiment, with refer-
ence to FIG. 20(a) to FIG. 21.

In the foregoing description, the light quantity control sec-
tion 43 lights on one of the light source units 21a and 21f'in
response to the traveling direction of the loaded vehicle M.
However, for example, the light source units 21a and 21 may
be lighted simultaneously, in response to the traveling speed
of the loaded vehicle M.

FIG. 20(a) and FIG. 20(b) are schematic views for describ-
ing modifications of the lighted states of the light source units
21a to 21f; FIG. 20(a) illustrates an illuminated region on the
master flat plane 20 when traveling at high speed, and FIG.
20(b) illustrates an illuminated region on the master flat plane
20 when traveling at low speed.

The light quantity control section 43 lights on the light
source units 215 to 21e when the traveling speed ofthe loaded
vehicle M is higher than a predetermined speed. At this time,
as illustrated in FIG. 20(a), the illuminated region on the
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master flat plane 20 is the illuminated region 31A (first illu-
minated region) formed by the light-projected spots 315 to
3le.

On the other hand, when the traveling speed of the loaded
vehicle M is not more than a predetermined speed, the light
quantity control section 43 lights the light source units 21a
and 21f simultaneously. At this time, as illustrated in FIG.
20(b), the illuminated region on the master flat plane 20 is a
combination of the illuminated region 31A formed by the
light-projected spots 315 to 31e, the illuminated region 31B
(second illuminated region) formed by the light-projected
spot 314, and the illuminated region 31C (second illuminated
region) formed by the light-projected spot 317

FIG. 21 is a top view illustrating an illuminated region at
the time of traveling at low speed, as illustrated in FIG. 20(5).
As illustrated in FIG. 21, by simultaneously lighting on the
light source units 21a and 21f'when traveling at a low speed,
it is possible to illuminate a wide range including the sur-
roundings of the forward direction of the loaded vehicle M.

Therefore, switching over is possible in such a manner that
atthe time of traveling athigh speed such as on an expressway
orthe like, the light source units 21a and 21fare turned off and
just the forward direction of the loaded vehicle M is illumi-
nated, and when the loaded vehicle M is traveling at a low
speed such as in an urban area, the light source units 21a and
21fare simultaneously lighted on to illuminate a broad range
including the surroundings of the forward direction of the
loaded vehicle M.

Since it is possible to illuminate a required range in
response to the traveling speed of the loaded vehicle, it is
possible to achieve both the accomplishment of a safe driving
environment and the reduction of electricity consumption of
the light-projecting device 160.

Embodiment 5

Described below is a fifth embodiment of the light-project-
ing device according to the present invention, with reference
to FIG. 22 to FIG. 24. The present embodiment describes a
light-projecting device 180 that possesses light distribution
characteristics enabling illumination of a predetermined set
region, even if one light source unit breaks down.

Note that members identical to the foregoing embodiments
are provided with identical reference signs, and their descrip-
tions have been omitted.

<Configuration of Light-Projecting Device 180>

FIG. 22 is a plan view illustrating a configuration of the
light-projecting device 180 of the present embodiment. As
illustrated in FIG. 22, the light-projecting device 180 includes
a plurality of (five in the embodiment) light source units 41a
to 41e. The configuration of each of the light source units 41a
to 41e are substantially identical to the light source unit 21a
illustrated in FIG. 8.

In FIG. 22, optical axes (central axes) of light projected
from the light source units 41a to 41e are illustrated by alter-
nate long and short dash lines. Moreover, ranges (solid angle
in which the pencil of rays remain within) of light distributed
from the light source units 41a to 41e are shown by the broken
lines. In the embodiment, the light-projecting device 180 is
disposed in the loaded vehicle so that the five light source
units 41a to 41e are disposed in level.

<Light Distribution Characteristics of Light-Projecting
Device 180>

Next described is the light distribution characteristics of
the light-projecting device 180, with reference to FIG. 23.
FIG. 23 is a schematic view illustrating an illuminated region
51 in which light is projected on the master flat plane 20 by the
light-projecting device 180. In the embodiment, a light dis-
tribution characteristics standard defines, as light distribution
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characteristics of the master flat plane 20, a rectangular set
region D as a predetermined region required for projecting
light for example. Namely, when the light-projecting device
180 is lighted on, at least the set region D always requires to
be illuminated with a certain illumination intensity, to check
the forward direction.

With the master flat plane 20, the five light source units 41a
to 41e of the light-projecting device 180 each project light to
respective different light-projected spots 51a to 51e. Note that
the light-projected spots 51a to 51e may differ in shape and
size.

Inthe embodiment, the light-projected spots S1ato 51e are
determined in position so that light-projected spots adjacent
to each other partially overlap. For example, the light-pro-
jected spot 51a corresponding to the light source unit 41a has
a region that overlaps the adjacent light-projected spot 515
corresponding to the light source unit 415. Moreover, the
light-projected spot 515 corresponding to the light source unit
41b has a region overlapping the adjacent light-projected spot
51c corresponding to the light source unit 41c. The light
source units 41a to 41e are disposed so that center positions of
the light-projected spots 51a to 51e are positioned within
other adjacent light-projected spots.

The set region D to be illuminated is projected with light by
the light source units 41a to 41e in a partitioning manner. In
FIG. 23, lines that partition the set region D into four partial
regions D1 to D4 are illustrated by the dotted lines. The partial
regions D1 to D4 are regions partitioned as appropriate of the
set region D, in response to the overlap of the light-projected
spots 51a to Sle.

The partial region D1 of the set region D is included in the
light-projected spot 51a and the light-projected spot 515. The
partial region D2 of the set region D is included in the light-
projected spot 515 and the light-projected spot 51¢. The par-
tial region D3 of the set region D is included in the light-
projected spot 51¢ and the light-projected spot 51d. The
partial region D4 of the set region D is included in the light-
projected spot 514 and the light-projected spot 51e. As such,
in the light-projecting device 180, each of the partial regions
D1 to D4 of the set region D are included in at least two
light-projected spots corresponding to respective light source
units. Namely, any position in the set region D is projected
with light from at least two light source units.

FIG. 24 is a schematic view illustrating an illuminated
region 51 that is projected with light by the light-projecting
device 180 on the master flat plane 20, in a case in which the
light source unit 41¢ breaks down. There are cases in which
the projection of light from the light source units 51a to 51e
weaken or no light is projected therefrom, due to a breakdown
of the laser element 2, deterioration of the light emitting
section 4, damage to the reflector 25 or the like.

For example, when one light source unit 41¢ among the
plurality of light source units 41a to 41e breaks down, no light
is projected to the light-projected spot 51¢ from the light
source unit 41¢, and the illuminated region 51 illuminated by
the light-projecting device 180 becomes as illustrated in FI1G.
24. Even in the case in which the light source unit 41¢ breaks
down, the entire set region D is included in the illuminated
region 51 formed by the light-projected spots 51a, 515, 514,
and 51e that correspond to the light source units 41a, 415,
41d, and 41e, respectively. For example, the partial region D2
in the set region D is at least projected with light by the light
source unit 415 corresponding to the light-projected spot 515,
and the partial region D3 is at least projected with light by the
light source unit 41d corresponding to the light-projected spot
51d.
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As such, with the light-projecting device 180 according to
the present embodiment, even if any one light source unit
breaks down, the entire set region D can be projected with
light by the other light source units.

Hence, even in the case in which the one light source unit
21c¢ breaks down, the other light source units 21a, 215, 214,
and 21e project light to the entire set region D in a partitioning
manner so that the entire set region D to be illuminated is
projected with light. Accordingly, even if a part of the light
source units breaks down in the light-projecting device 180,
which light-projecting device 180 is provided as a headlamp
of the loaded vehicle for traveling during night time, the
predetermined set region D is projected with light in its
entirety by the other light source units that are configured so
as to overlap the light-projected spots.

Hence, even in a case in which a part of the light source
units of the light-projecting device 180 breaks down, it is
possible to maintain the light distribution characteristics that
allows for safe traveling and the continuation of traveling
without carrying out a replacement of components. More-
over, even if the driver does not notice the partial breakdown
of the light source units, it is possible to project light to the
entire set region D to be illuminated. Hence, it is possible to
maintain a safe traffic environment.

Moreover, as illustrated in FIG. 23, the light-projecting
device 180 projects light to the set region D in a partitioning
manner, withuse of a plurality of light source units 41ato 41e.
This allows for easy adjustment of illumination intensity
(quantity of light) for every position that corresponds to the
light source units 414 to 41e.

For example, when the set region D is to be illuminated
brighter around the center of the set region D and slightly
darker in positions close to the left and right edges of the set
region D, it is possible to adjust the illumination intensity of
the light-projected spots by individually adjusting the amount
of light of the corresponding light source units 41a to 41e.
This allows for improving energy efficiency together with
forming a desired illuminated region 51.

With the light-projecting device that projects light with use
of one light source unit, it is difficult to form a complex
illuminated region, and requires to shield light with use of a
shielding plate or the like to form the desired illuminated
region. However, the shielding the light causes a decrease in
energy efficiency.

Moreover, even in the case in which light is projected with
a plurality of light source units, with an overlapping type
light-projecting device in which the light-projected spots of
the light source units are overlapped several times and the
light-projected spots of the light source units project light so
that the entire set region D is included, it is difficult to form an
illuminated region that projects light to the set region D in a
complex pattern (distribution of illumination intensity of the
set region D).

Moreover, in a case in which the set region D is not parti-
tioned and each the light source units projects light to the
entire set region D of the master flat plane 20 (the light-
projected spots largely overlap each other), which master flat
plane 20 is disposed at a position away from the light source
units by a predetermined distance, there are cases in which the
distribution of light of the light source units becomes too
broad at a position further away from the master flat plane 20.
In a case in which the entire set region D to be illuminated on
the master flat plane 20 is projected with light from one light
source unit (one reflector), the solid angle of the distribution
of light from the light source unit becomes broad. This causes
the distribution of light from that light source unit to broaden
to a broader range at a position further away from the master
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flat plane 20, which as a result reduces the illumination inten-
sity. Although the light distribution characteristics standard
for cars are often set based on a master flat plane of arelatively
close distance such as 10 m or 25 m ahead, in actual traveling,
it is necessary to project light to a position even further away,
for example 40 m or 100 m ahead.

The light-projecting device 180 according to the present
embodiment includes the plurality of light source units 41a to
41e that project light to the set region D in the partitioning
manner; this hence allows for easily achieving an illuminated
region that differs in illumination intensity every position.
Moreover, the set region D is projected with light with the
plurality of light source units 41a to 41le in a partitioning
manner. This allows for reducing the size of the light source
units 41a to 41e. Furthermore, different from a case in which
a spare lamp or the like is moved to replace a broken lamp,
there is no need to provide a movable section to the light
source unit; it is possible to project light in the forward direc-
tion upon fulfilling a predetermined light distribution charac-
teristics standard even without detecting a breakdown by a
breakdown detection device or the like. Moreover, since the
plurality of light source units 414 to 41e project light to the set
region D in the partitioning manner, it is possible to reduce the
size of the solid angle of the distribution of light from the light
source units 41a to 41e. Hence, the light-projecting device
180 according to the present embodiment can project light
with high illumination intensity, even from a position far
away from the master flat plane 20.

Moreover, the foregoing description deals with a configu-
ration in which, for all of the plurality of the light source units,
its light-projected spot overlaps the light-projected spots of
the other light source units. However, it is not limited to this,
and just a part of the plurality of light source units can be made
so that their light-projected spots overlap the light-projected
spots of the other light source units.

Here, in a case of a configuration in which the illumination
intensities of the light-projected spots by the light source
units differ from each other, just the light-projected spot of a
light source unit that has a high illumination intensity, which
light source unit has a higher possibility of breakage, may be
made to overlap the light-projected spot of another light
source unit. This thus allows for projecting light to the set
region D so that the setregion D is illuminated fully even ifthe
light-projected spot of the light source unit having the high
illumination intensity breaks down. Furthermore, the forego-
ing description explains a configuration in which just the
light-projected spot of a part of the light source units is over-
lapped. However, it is not limited to this, and light may be
projected to a region that requires a certain illumination inten-
sity in the set region D, with use of two or more light source
units.

Embodiment 6

Described below is a sixth embodiment of the light-pro-
jecting device according to the present invention, with refer-
enceto FIG. 25to0 FIG. 31. The present embodiment describes
a light-projecting device 200 that compensates for a break-
down of a part of the light source unit with another light
source unit.

Note that members similar to those described in the
Embodiment are provided with identical reference signs, and
descriptions thereof have been omitted.

<Configuration of Light-Projecting Device 200>

FIG. 25 is a plan view illustrating a configuration of the
light-projecting device 200 according to the present embodi-
ment. The light-projecting device 200 includes a plurality of
(in the embodiment, five) light source units 61a to 61e. More-
over, the light-projecting device 200 includes a breakdown
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detection section (light projection detection section) 46 and
drive control section (light projection changing section) 47.
In FIG. 25, the breakdown detection section 46 and the drive
control section 47 serve as functional blocks. Moreover, in
FIG. 25, optical axes (central axes) of light projected from
respective light source units 61a to 6le are illustrated by
alternate long and short dash lines. Moreover, FIG. 25 illus-
trates ranges (solid angles in which the pencil of rays are
emitted within) of light projected from the light source units
61ato 61e, with broken lines. In the present embodiment, the
light-projecting device 200 is provided on a loaded vehicle so
that the five light source units 61a to 61e are disposed in level.

The following describes a detailed configuration of the
light source unit 61a, with reference to FIG. 27. The light
source units 61a to 61e have substantially identical configu-
rations.

Light Source Unit 41a

FIG. 27 is a cross sectional view schematically illustrating
a configuration of the light source unit 61a of the present
embodiment. The light source unit 61a includes a laser ele-
ment (excitation light radiating section) 2, a converging lens
3, a light emitting section (irradiation section) 4, a reflector 5,
a metal base 17, and a unit drive section (light projection
changing section) 48. The configurations of the converging
lens 3, the light emitting section 4, and the reflector 5 are
substantially identical to those of the light source unit la
illustrated in FIG. 3.

(Laser Element 2)

The laser element 2 is a laser element with a built-in moni-
tor PD (photodiode), and can detect a breakdown of the laser
element 2. The laser element 2 may be an APC (constant
output) laser element or an ACC (constant current) laser ele-
ment.

(Metal Base 17)

The metal base 17 is a supporting member that supports the
light source unit 61a, and is made of metal (e.g. aluminum,
copper, or iron). The metal base 17 is provided independently
in each of the light source units 61a to 61e.

Breakdown Detection Section 46

The breakdown detection section 46 receives an output of
the monitor PD of the laser element 2 of each of the light
source units 61a to 61e, and detects whether or not (the laser
element 2 of) the light source units 61a to 61e is broken. The
breakdown detection section 46 outputs results of detecting
whether or not the light source units 61a to 61e are broken, to
the drive control section 47.

A light receiving element may be provided in the internal
space of the reflector 5 for each of the light source units 61a
to 61e, and intensity of the fluorescence light emission of the
light emitting section 4 may be monitored by making the
breakdown detection section 46 receive the output of the light
receiving element. In this case, both the breakdown of the
laser element 2 and the deterioration of the fluorescent mate-
rial of the light emitting section 4 can be detected with the
light receiving element. For example, the breakdown detec-
tion section 46 may compare the output (quantity of received
light) of the light receiving element inside the reflector 5 with
a predetermined threshold, to determine whether or not the
light source unit is broken. Moreover, for example, the break-
down detection section 46 may determine whether or not the
light source units 61a to 61e are broken down by comparing
the output (quantity of received light) of the light receiving
element inside the reflector 5 with respect to the output (elec-
tric power or current, etc.) of the laser element 2, with a
predetermined threshold.

Moreover, the light projecting state by the light-projecting
device may be monitored, by including image capturing
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means such as a camera that monitors a forward direction of
the loaded vehicle and by analyzing the captured image with
the breakdown detection section 46. This makes it possible to
identify a light-projected spot that became dark, which as a
result identifies the broken light source unit 61a to 61e. In this
case, breakdowns caused by damage to the reflector 5 and like
breakdowns may also be detected. The breakdown detection
section 46 is capable of, for example, identifying the light
source units 61a to 61e that is broken by comparing a cap-
tured image with a predetermined pattern image, and identi-
fying the broken light source units 61a to 61e by comparing
an image while the light-projecting device 200 is lighted on
and that image while the light-projecting device 200 is lighted
off.

Drive Control Section 47

The drive control section 47 controls the unit drive section
48 of the light source units 61ato 61e, based on whether or not
the light source units 61a to 61e are broken.

(Unit Drive Section 48)

The unit drive section 48 supports the metal base 17 so that
the metal base 17 is rotatable about a rotational axis 48a. As
a result, the unit drive section 48 makes the light source unit
61q including the reflector 5 be rotatable. Moreover, the unit
drive section 48 rotates the metal base 17 in response to
instructions from the drive control section 47, and changes a
light-projecting direction of the light source unit 61a (posi-
tion of light-projected spot).

<Light Distribution Characteristics of Light-Projecting
Device 200>

FIG. 26 is a schematic view illustrating an illuminated
region 71 on the master flat plane 20, to which light is pro-
jected by the light-projecting device 200 illustrated in FIG.
25.

On the master flat plane 20, the five light source units 61a
to 6le of the light-projecting device 200 project light to
light-projected spots 71a to 71e, respectively. The light-pro-
jected spots 71a to 71e may each differ in shape and size.
Each of the light-projected spots 71a to 71e partially overlaps
its adjacent light-projected spot(s). For example, the light-
projected spot 71a corresponding to the light source unit 61a
has a region that overlaps the light-projected spot 715, which
light-projected stop 715 corresponds to the adjacent light
source unit 615. Moreover, the light-projected spot 715 cor-
responding to the light source unit 615 has a region that
overlaps the light-projected spot 71¢, which light-projected
spot 71c¢ corresponds to the adjacent light source unit 61c.

The set region D to be irradiated is projected with light by
the light source units 61a to 61e in a partitioning manner. In
FIG. 26, lines that partition the set region D into five partial
regions D1 to D5 are shown by the dotted lines. The partial
regions D1 to D5 are regions partitioned as appropriate of the
set region D, in accordance with the light-projected spots 71a
to 71e. The partial regions D1 to D5 of the set region D are
included in the light-projected spots 71a to 71e, respectively.

Different from Embodiment 5, in the present embodiment,
each of the partial regions D1 to D5 of the set region D has a
region that is only included in one of the light-projected spots.
For example, the region around the center of the partial region
D3 is overlapped by only the light-projected spot 71¢ corre-
sponding to the light source unit 61¢. Hence, when no light is
distributed from the light source unit 61¢ caused by a break-
down or the like, it is necessary to compensate for the light-
projected spot 71¢ with the other light source units 61a, 615,
61d, and 61e.

For example, when the laser element 2 of the light source
unit 61¢ no longer outputs a laser beam, the breakdown detec-
tion section 46 detects, based on the output of the monitor PD
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of the laser element 2 of the light source unit 61c, the break-
down of the laser element 2 of the light source unit 61¢c. When
the breakdown of the laser element 2 of the light source unit
61c is detected, the breakdown detection section 46 notifies
the drive control section 47 that the light source unit 61c¢ is
broken.

When the light source unit 61c¢ is broken, the drive control
section 47 controls the unit drive section 48 to rotate the light
source units 61a, 615, 61d, 61e so that the light-projected
spots 71a, 715, 71d, and 71e change in position, to cover for
the light-projected spot 71c¢ of the light source unit 61¢ with
the other light source units 61a, 615, 61d, and 61e. The drive
control section 47 stores in advance, for each of the light
source units 61a to 61e, to what degree the other light source
units are rotated in the case in which that one of the light
source units 61a to 61e break.

FIG. 28 is a plan view illustrating a light distribution direc-
tion of the other light source units in the case in which the light
source unit 61c is broken. The unbroken light source units
61a, 615, 614, and 61e are changed in its light distribution
direction so as to compensate for at least a part of the light-
projected spot (part included in the set region D) ofthe broken
light source unit 61c.

FIG. 29 is a schematic view illustrating an illuminated
region 71 on the master flat plane 20, to which the light-
projecting device 200 projects light in the case in which the
light source unit 61¢ breaks down. The light-projected spots
71a,71b,71d, and 71e corresponding to the other light source
units 61a, 615, 61d, and 61e, respectively, are changed in
position so that the center part of set region D projected with
the light source unit 61c is covered. As such, any position of
the set region D is included in at least one of the light-
projected spots 71a, 71b, 71d, and 71e of the unbroken light
source units 61a, 615, 614, and 61e.

Even in a case in which another light source unit instead of
the light source unit 61c¢ breaks down, the light-projected
spots of the unbroken light source units are similarly changed,
to distribute light to the region to which the broken light
source unit would have projected light. Therefore, even in the
case in which a part of the light source unit of the light-
projecting device 200 breaks down, the entire predetermined
set region D will be projected with light.

Hence, even in the case in which a part of the light source
units of the light-projecting device 200 breaks down, it is
possible to maintain the light distribution characteristics that
allows for safe driving and that allows for continuously driv-
ing safely. Accordingly, it is possible to continuously drive
safely without carrying out any replacement of components
or the like. Note that when a part of the light source unit
breaks down, the laser element 2 of the other light source unit
not broken can be increased in output.

Moreover, the breakdown detection section 46 may notify
the driver that the light source unit has broken down. This
enables the driver to quickly realize the breakdown of the
light source unit. Moreover, the configuration may be made so
that an operation section (button etc.) for changing the angle
of' the light source unit is provided near the driver’s seat, and
that the drive control section changes the angle of the light
source unit in response to the operation of the operation
section by the driver.

Moreover, in the case in which the light source unit breaks
down, the light distribution direction of the other light source
units may be not adjusted automatically but may be adjusted
by the driver or by a mechanic, by having the driver or the
mechanic rotate the light source unit supported in a rotatable
state by the unit drive section, to adjust the light distribution
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direction. In this case, it is possible to omit the breakdown
detection section 46 and the drive control section 47.

Similarly with Embodiment 5, the light-projecting device
200 includes a plurality of light source units 61a to 61e that
projects light to the set region D in a partitioning manner.
Hence, it is easy to form the illuminated region 71 in which
the illumination intensity differs every position.

Moreover, the set region D is projected with light by the
plurality of light source units 61a to 61e in the partitioning
manner. Even if one light source unit breaks down, it is
possible to project light to the set region D in the partitioning
manner by the other plurality of light source units. This hence
allows for reducing the size of the light source units 61a to
6le.

<Modification>

The foregoing description deals with a configuration in
which the light-projected spots of the light source units are
changed by rotating the light source units (and reflectors).
However, it is not limited to this, and the light-projected spots
of the light source units may be modified by a different
method.

For example, the configuration may be one in which the
light distribution direction of the light source unit is changed
by changing the position of the reflector 5 with respect to the
light emitting section 4, which changes its focal position.
Moreover, the configuration may be one in which by chang-
ing the laser irradiated position of the light emitting section 4,
the light distribution direction from the light source unit
changes.

FIG. 30 is a cross sectional view illustrating an example of
a light source unit 62 whose laser irradiated position on the
light emitting section 4 is changeable. The light source unit 62
includes an optical element (light projection changing sec-
tion) 49 disposed between the converging lens 3 and the light
emitting section 4, which changes the traveling direction of
the laser beam. By changing the position or angle of the
optical element 49, it is possible to change the traveling
direction of the laser beam and change an irradiated position
of'the laser beam on the light emitting section 4. In this case,
when one light source unit breaks down, the drive control
section (not illustrated) changes the position or angle of the
optical element 49 of the other light source units. This causes
the angle that the laser beam is reflected on the reflector 5 to
change between a normal state and a broken state, which
hence causes the light distribution direction by the reflector 5
to change. As a result, it is possible to change the light-
projected spot of the light source unit.

Note that the laser irradiated position on the light emitting
section 4 can be changed by changing the position or angle of
the laser element 2 or the converging lens 3, each with respect
to the reflector 5, instead of the optical element 49.

Moreover, the configuration may be one in which, for
example, the position of the converging lens (light projection
changing section) 3 illustrated in FIG. 27 is changed, to
broaden the solid angle of the light distribution from the light
source unit and enlarge the light-projected spot of the light
source unit. Moreover, the configuration may be made so that
the light-projected spot of the light source unit is enlarged by
changing the position of the light emitting section 4 with
respect to the reflector 5 forwards or backwards from the focal
position (to the side of the opening 5A or the side of the vertex
of the parabolic surface of the reflector). Moreover, the con-
figuration may be made so that the light-projected spot of the
light source unit is enlarged by changing the shape of the
parabolic surface of the reflector 5.

FIG. 31 is a plan view illustrating a configuration of a
light-projecting device 200qg including a plurality of light
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source units 63a to 63e that are capable of enlarging their
light-projected spots. For example, in a case in which the light
source unit 63¢ breaks down, the drive control section 47
controls to enlarge the light-projected spots of the two light
source units 635 and 634 that are adjacent to the light source
unit 63¢, to compensate for the light-projected spot of the
light source unit 63c.

When enlarging the light-projected spots of the light
source unit 635 and 634, the output of the laser element 2 of
the light source units 636 and 63d may be increased. By
enlarging just the light-projected spots of the light source
units 635 and 634 adjacent to the broken light source unit 63¢
on either side, it is possible to efficiently compensate for the
light distribution to the light-projected spot of the broken light
source unit 63¢, without unnecessarily enlarging the entirety
of the light-projected spots.

Note that a plurality of means for changing the light-pro-
jected spots of the light source unit may be used in combina-
tion.

Embodiment 7

Described below is a seventh embodiment of the light-
projecting device according to the present invention, with
reference to FIG. 32 to FIG. 36. The present embodiment
describes a light-projecting device 220 that compensates for a
breakdown of a part of the light source unit with use of an
auxiliary light source unit.

Note that members similar to the foregoing embodiments
are provided with identical reference signs, and descriptions
thereof have been omitted.

<Configuration of Light-Projecting Device 220>

FIG. 32 is a plan view illustrating a configuration of the
light-projecting device 220 according to the present embodi-
ment. The light-projecting device 220 includes a plurality of
(in the embodiment, five) light source units 81a to 81e, and an
auxiliary light source unit 82. Moreover, the light-projecting
device 220 includes a breakdown detection section 46 and a
drive control section 47. In FIG. 32, the breakdown detection
section 46 and the drive control section 47 serve as functional
blocks. Moreover, in FIG. 32, optical axes (central axes) of
light distributed from the light source units 81a to 81e are
shown by alternate short and long dash lines. Furthermore in
FIG. 32, the range (solid angle in which the pencil of rays
remain within) of light distributed from the light source units
81a to 81e are shown by broken lines. In the embodiment, as
with Embodiment 5, the light-projecting device 220 is pro-
vided in the loaded vehicle so that the five light source units
81a to 81e are disposed in level.

Light Source Units 81a to 81e

The light source units 81a to 81e are configured substan-
tially identical to the light source unit 1q illustrated in F1G. 3.
Accordingly, the light-projected spots of the light source units
81a to 81e do not change in position and are fixed. However,
the laser element provided in each of the light source units
81a to 81e includes a monitor PD.

Breakdown Detection Section 46

The breakdown detection section 46 receives output of the
monitor PD of the laser element of each of the light source
units 81a to 81e, and detects whether or not (the laser element
of) the light source units 81a to 81e is broken. The breakdown
detection section 46 outputs, to the drive control section 47,
the result of detecting whether or not the light source units
81a to 81e are broken.

Auxiliary Light Source Unit 82

FIG. 34 is a cross sectional view schematically illustrating
a configuration of the auxiliary light source unit 82. The
auxiliary light source unit 82 includes a laser element 2, a
converging lens 3, a light emitting section 4, a reflector 5, a
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metal base 17, and a unit drive section 48. The configuration
of the converging lens 3, the light emitting section 4, the
reflector 5, the metal base 17, and the unit drive section 48 are
substantially identical to those of the light source unit 61a
illustrated in FIG. 27. The laser element 2 of the auxiliary
light source unit 82 does not necessarily need to include the
monitor PD.

Drive Control Section 47

The drive control section 47 controls the output of the laser
element 2 of the auxiliary light source unit 82 and the unit
drive section 48 of the auxiliary light source unit 82, based on
whether or not the light source units 81a to 81e are broken.

<Light Distribution Characteristics of Light-Projecting
Device 220>

While the light source units 81a to 81e are operating nor-
mally, a predetermined region (set region) is projected with
light by the light source units 81a to 81e of the light-project-
ing device 220, as illustrated in FIG. 32. In a case in which a
part of the plurality of light source units 81a to 81e breaks, for
example when the light source unit 81d breaks, the auxiliary
light source unit 82 projects light to the light-projected spot of
the light source unit 814, as illustrated in FIG. 33. This com-
pensates the distribution of light to the light-projected spot of
the light source unit 814.

For example, when no laser beam is outputted from the
laser element 2 of the light source unit 81d, the breakdown
detection section 46 detects the breakdown of the laser ele-
ment 2 in the light source unit 81d based on the output of the
monitor PD ofthe laser element 2 in the light source unit 814.
When the breakdown of the laser element 2 in the light source
unit 814 is detected, the breakdown detection section 46
notifies the drive control section 47 that the light source unit
814 is broken.

When the light source unit 814 is broken, the drive control
section 47 controls the auxiliary light source unit 82 to output
a laser beam from its laser element 2 to cover up for the
light-projected spot of the light source unit 814 with the
auxiliary light source unit 82. Moreover, when the light
source unit 81dis broken, the drive control section 47 controls
the unit drive section 48 of the auxiliary light source unit 82 to
rotate the auxiliary light source unit 82 and change the light-
projected spot of the auxiliary light source unit 82, so as to
compensate the light-projected spot of the broken light source
unit 814. The drive control section 47 stores in advance to
what degree the auxiliary light source unit 82 is rotated, when
the light source units are broken.

Accordingly, even if a part of the light source units in the
light-projecting device 220 breaks down, the predetermined
set region is projected with light by its entirety. Hence, even if
a part of the light source units of the plurality of light source
units 81a to 81e that are normally used in the light-projecting
device 220 breaks down, it is possible to maintain the light
distribution characteristics that enables safe driving, and
allows for continuously driving safely. Therefore, it is pos-
sible to continue driving safely without carrying out any
replacement of components.

Similarly with Embodiment 6, the light-projecting device
220 includes a plurality of light source units 814 to 81e that
project light to the set region in a partitioning manner. Hence,
it is possible to easily achieve an illuminated region in which
illumination intensities differ every position.

The set region is projected with light in a partitioning
manner by the plurality of light source units 814 to 81e. Even
if one light source unit among the plurality of light source
units 81a to 81e breaks, it is possible to project light to the set
region in a partitioning manner by use of the other light source
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units and the auxiliary light source unit. Hence, it is possible
to reduce the size of the light source units 81a to 81e and the
auxiliary light source unit 82.

Note that a plurality of auxiliary light source units may be
provided with respect to a plurality of light source units used
normally, and for example a total of two on either left and
right sides may be provided. In this case, the configuration
may be made so that when a part of the light source unit breaks
down, just the auxiliary light source unit that is closer to the
broken light source unit is lighted on.

Moreover, the foregoing embodiment describes a configu-
ration in which the breakdown detection section 46 detects
whether or not the plurality of light source units is broken just
for those that are normally used. However, the present inven-
tionis not limited to this, and the breakdown detection section
82 can detect whether or not the auxiliary light source unit is
broken and notify the user when the breakdown of the auxil-
iary light source unit is detected.

<Modification>

The plurality of light source units included in the light-
projecting device of the foregoing embodiments is not limited
to the configurations described above. The following
describes a modification of the light source unit.

FIG. 35 is a cross sectional view schematically illustrating
a configuration of a modification of a light source unit 83. The
light source unit 83 includes a laser element 2, a converging
lens 3, a light emitting section 4, a reflector 26, and a pillar 28.
The configurations of the laser element 2 and the converging
lens 3 are substantially identical to the light source unit 21a
illustrated in FIG. 8.

In the light source unit 83 illustrated in FIG. 35, the light
emitting section 4 is fixed on the pillar 28, and is disposed in
anearly focal position of the reflector 26 whose cross section
is of a parabolic shape. Hence, the light irradiated from the
light emitting section 4 to the reflector 26 is controlled in its
optical path, by reflecting on the reflection curved surface of
the reflector 26.

The reflector 26 includes at least part of a partial curved
surface obtained by cross sectioning a curved surface (para-
bolic curved surface) obtained by rotating a parabola about a
symmetry axis that serves as its rotational axis, with a plan
surface including the rotational axis, and the reflector 26 has
a circular shaped opening 26A in a direction in which fluo-
rescence emitted from the light emitting section 4 is reflected.

Moreover, the laser element 2 and the converging lens 3 are
disposed outside the reflector 26, and the reflector 26 has a
window section 6 that allows for transmission or passing
through of the laser beam. The window section 6 may be a
through-hole, or may include a transparent member that can
transmit through the laser beam. For example, a transparent
plate on which a filter that transmits through a laser beam
while reflecting white light (fluorescence of light emitting
section 4) may be provided as the window section 6. With this
configuration, it is possible to prevent the fluorescence emit-
ted from the light emitting section 4 from leaking from the
window section 6.

The light emitting section 4 is fixed to the pillar 28, and is
disposed on a position substantially focal of the reflector 26
whose cross section is of a parabolic shape. The pillar 28 here
is made of transparent material having high thermal conduc-
tivity such as sapphire, which pillar 28 is capable of transmit-
ting the laser beam emitted from the laser element 2 and
fluorescence generated by the light emitting section 4, and
which can efficiently release the heat generated by the light
emitting section 4.

The light emitting section 4 emits fluorescence not only
from a surface (surface facing the window section 6) on which
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the laser beam emitted from the laser element 2 is irradiated
but also from the surface opposite of the irradiated surface
(surface facing the opening 6). The reflector 26 reflects light
(fluorescence) emitted from the surface on which the laser
beam is irradiated on the light emitting section 4 but also from
the surface on the opposite side of that surface, on the reflec-
tion surface, and distributes light to a predetermined direc-
tion.

The following describes yet another modification of the
light source unit.

FIG. 36 is a cross sectional view schematically illustrating
a configuration of a light source unit 84 of the modification.
The light source unit 84 includes a plurality of laser elements
2a,2b, and 2¢, a plurality of converging lens 3a, 3b, and 3¢, a
reflector 264, and a pillar 28a and a scattering section (light
emitting section) 4a. The configurations of the laser elements
2a, 2b, and 2c¢ are identical to the configuration of the laser
element 2 illustrated in FIG. 8, and the converging lens 3a, 35,
and 3¢ corresponding to the laser elements 2a, 25, and 2c¢,
respectively, are configurations identical to those of the con-
verging lens 3 in FIG. 8.

However, the laser elements 2a, 25, and 2¢ are laser ele-
ments that each emit laser beams of a different color, for
example, blue, green, and red. The laser beams emitted from
the laser elements 2a, 2b, and 2¢ each pass through their
corresponding converging lens 3a, 3b, and 3¢, and are emitted
to the scattering section 4a.

The scattering section 4a includes a scatterer that causes
the laser beam to scatter. More specifically, the scattering
section 4a causes coherent laser beam to scatter, and converts
this into incoherent scattered light. This configuration makes
the laser beams emitted from the laser elements 2a, 25, and 2¢
be scattered by the scattering section 4a, and this scattered
light is emitted on a reflection surface of the reflector 26a. As
such, the laser beam emitted from the laser elements 2a, 25,
and 2c is scattered by the scattering section 4a, and is pro-
jected to a predetermined direction by the reflector 26a as
white light.

Moreover, in the configuration of FIG. 36, the scattering
section 4a is fixed on the pillar 28a, and is disposed on a
position substantially focal of the reflector 26a whose cross
section is ofa parabolic shape. Hence, the light emitted on the
reflector 26a from the scattering section 4a is controlled in its
optical path by being reflected on a reflective curved surface
of the reflector 264.

The reflector 26a includes at least part of a partial curved
surface obtained by cross sectioning a curved surface (para-
bolic curved surface) with a plan surface including the rota-
tional axis, which parabolic curved surface is obtained by
rotating a parabola about a symmetry axis that serves as its
rotational axis, and the reflector 26 has a circular shaped
opening 26 A in a direction in which the scattered light emit-
ted by the scattering section 4a is reflected.

Moreover, the laser elements 2a, 2b, and 2¢ and the con-
verging lens 3a, 3b, and 3¢ are disposed outside the reflector
26a, and the reflector 264 has a plurality of window sections
6a to 6¢ provided corresponding to the respective laser ele-
ments 2a, 2b and 2¢ and the converging lens 3a, 3b and 3c¢,
which window sections 6a to 6¢ allow for transmitting or
passing through a laser beam. The window sections 6a to 6¢
may be a through-hole, or may include a transparent member
that can transmit through a laser beam. For example, a trans-
parent plate on which a filter that transmits through a laser
beam of a corresponding laser element however reflects light
of other laser elements may be provided as the window sec-
tions 6a to 6¢. With this configuration, itis possible to prevent
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the light scattered from the laser beam of the other laser
elements from leaking from the window sections 6a to 6c¢.

The pillar 28a is made of transparent material having high
thermal conductivity such as sapphire, and is capable of trans-
mitting the laser beam emitted from the laser elements and
light scattered by the scattering section 4a and further can
efficiently release heat generated in the scattering section 4a.

Note that the number of laser elements and the color of the
laser beams emitted from the laser elements are not limited to
the foregoing. For example, with the number of laser ele-
ments as two and the color of the emitted laser beams as blue
and yellow, white light can be obtained.

Summary of Embodiments

As described above, a light-projecting device according to
the present invention includes a plurality of light source units
eachincluding (i) a light emitting section that emits light upon
receiving light and (ii) a light distribution section provided
corresponding to the light emitting section, the light distribu-
tion section distributing light from the light emitting section
to apart of an illuminated region, each of the light source units
projecting light from the light emitting section to a corre-
sponding light-projected region, the light-projected region
being a partitioned region of the illuminated region, and the
illuminated region being formed by combining a plurality of
the light-projected region to which light is projected from a
corresponding one of the light source units.

In the foregoing configuration, the light source unit
includes a light emitting section that emits light upon receiv-
ing light. Hence, it is possible to reduce the size of the light
emitting section, and is capable of making the size of the light
emitting section with respect to the size of the light distribu-
tion section relatively small. This enables achievement of
high light distribution characteristics even with use of a light
distribution section having a small diameter. Accordingly,
each of the light source units is capable of projecting light
from the light emitting section to a small region, and thus is
possible to reduce the size of the device configuration.

The light-projecting device according to the present inven-
tion includes a plural number of such a light source unit, and
each of'the light source units projects the light from the light
emitting section to light-projected regions that are regions
formed by partitioning the illuminated region. Namely, each
of the light source units projects the light from the light
emitting section to different regions of the illuminated region.

Hence, by combining a plurality of the small light-pro-
jected regions to which light is projected by respective light
source units, it is possible to form a desired illuminated
region.

Moreover, according to the configuration, each of the light
source units can selectively project the light to a light-pro-
jected region independent every unit. This prevents the gen-
eration of an unnecessary luminous flux, thereby allowing for
efficient light projection.

Hence, according to the present invention, it is possible to
achieve a light-projecting device that is capable of efficiently
forming a desired illuminated region.

Moreover, the light-projecting device according to the
present invention may be configured so as to further include a
light quantity control section capable of individually control-
ling a quantity of light of the plurality of light source units.

The foregoing configuration further includes a light quan-
tity control section that is capable of individually controlling
the quantity of light (illumination intensity) of the plurality of
light source units. Accordingly, by controlling the quantity of
light for every light source unit, it is possible to control the
quantity of light for every light-projected region that corre-
sponds to the light source units.
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Therefore, according to the configuration, optimum con-
trol of the quantity of light for every region is possible of the
illuminated region, such as sufficiently illuminating a region
that is desirably made bright or making a region dark for a
region that is inconvenient if it is too bright.

Moreover, the light-projecting device according to the
present invention may be configured so as to further include
an object detection section that detects an object inside the
light-projected region, the light quantity control section con-
trolling the quantity of light of the light source unit, to be
projected to the light-projected region in which the object is
detected by the object detection section.

The foregoing configuration further includes an object
detection section that detects an object inside the light-pro-
jected region. Accordingly, the light quantity control section
is capable of controlling the quantity of light to be projected
to an object, by controlling the quantity of light of the light
source unit to be projected to the light-projected region, in
which region the object is detected by the object detection
section.

Hence, according to the configuration, it is possible to
control the quantity of light such as increasing or decreasing
the quantity of light to be projected to the detected object.

Moreover, the light-projecting device according to the
present invention may be configured so as to further include
an identification section that identifies, by image recognition,
a kind of the object detected by the object detection section,
the light quantity control section, in response to the kind of
the object identified by the identification section, controlling
the quantity of light of the light source unit, to be projected to
the light-projected region in which the object is detected.

The foregoing configuration further includes an identifica-
tion section that identifies, by image recognition, what kind
the object detected by the object detection section is. Hence,
it is possible to control the quantity of light projected to the
object in accordance with the kind of the object identified by
the identification section.

Hence, according to the configuration, it is possible to
control the quantity of light such as increasing or decreasing
the quantity of light to be projected, in response to the kind of
object.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
plurality of light source units project light to the illuminated
region in a manner partitioning the illuminated region at least
in a sideways direction.

In the foregoing configuration, the plurality of light source
units project light to the illuminated region in a manner par-
titioning the illuminated region at least in a sideways direc-
tion. This allows for easily controlling a width of the illumi-
nated region, and allows for optimally controlling the
quantity of light for every region divided in a width direction.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
plurality of light source units project light to the illuminated
region in a manner partitioning the illuminated region in a
vertical direction.

In the foregoing configuration, the plurality of light source
units projects light to the illuminated region in a partitioning
manner, in a sideways direction and in a vertical direction.
Hence, it is possible to suitably form an illuminated region of
various shapes by combining the light-projected regions.

Furthermore, according to the configuration, it is possible
to optimally control the quantity of light for every region of
the illuminated region partitioned in the width direction and
height direction.
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Moreover, it is preferable that the light-projecting device
according to the present invention is configured in such a
manner that the illuminated region includes a predetermined
set region, and a region in the set region that is included in a
light-projected region of a first light source unit out of the
plurality of light source units, overlaps a light-projected
region of any other one of the light source units.

In the configuration, the illuminated region includes a pre-
determined set region, and a region of the set region included
in a light-projected region of a first light source unit out of the
plurality of light source units overlaps a light-projected
region of any other one of the light source units.

Hence, according to the configuration, even in a case in
which no light distribution is carried out from the first light
source unit due to a breakdown or the like, it is possible to
illuminate the set region by any other one of the light source
units. This allows for securing a desired light-projected
region.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
light-projected region of the first light source unit has its
center position be included in a light-projected region of any
other one of the light source units.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
set region is included in light-projected regions of other plu-
rality of light source units, the other plurality of light source
units excluding the first light source unit from the plurality of
light source units.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
plurality of light source units include a plural number of the
first light source unit.

Moreover, it is preferable that the light-projecting device
according to the present invention is configured in such a
manner that the illuminated region includes a predetermined
set region, the light-projecting device further including: a
light projection changing section that enables a light-pro-
jected region of a first light source unit out of the plurality of
light source units to be changed, while the projection of light
from a second light source unit out of the plurality of light
source units is carried out normally, the plurality of light
source units including the first light source unit and the sec-
ond light source unit projecting light to the set region in a
partitioning manner, and while the projection of light from the
second light source unit out of the plurality of light source
units is not carried out normally, the light-projected region of
the first light source unit is changed by the light projection
changing section so that at least a part of the light-projected
region of the second light source unit is projected with light.

According to the configuration, the light projection chang-
ing section allows for changing the light-projected region,
which light-projected region is obtained by projecting light
from the first light source unit. Hence, even in a case in which
the projection of light from a second light source unit is not
normally carried out caused by occurrence of a breakdown or
the like, it is possible to change the light-projected region of
the first light source unit and compensate the projection of
light to the light-projected region of the second light source
unitand project light to the setregion. As a result, it is possible
to secure the desired light-projected region.

Moreover, the light-projecting device according to the
present invention may further include a light projection detec-
tion section that detects whether or not the projection of light
from the second light source unit is carried out normally,
wherein when the light projection detection section detects
that the projection of light from the second light source unit is
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not carried out normally, the light projection changing section
changes the light-projected region of the first light source unit
so that at least a part of the light-projected region of the
second light source unit is projected with light.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
light projection changing section changes the light-projected
region of the first light source unit by rotating or moving the
light distribution section provided in the first light source unit.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
light projection changing section changes the light-projected
region of the first light source unit by changing an irradiated
position of light that is emitted to the light emitting section
provided in the first light source unit.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
light projection changing section changes the light-projected
region of the first light source unit by changing an irradiated
range of light that is emitted on the light emitting section
provided in the first light source unit.

Moreover, the light-projecting device according to present
invention may be configured in such a manner that the first
light source unit is disposed adjacent to the second light
source unit, and when the projection of light from the second
light source unit is not carried out normally, the light projec-
tion changing section changes the light-projected region of
one or a plurality of the first light source unit(s) disposed
adjacent to the second light source unit so that at least a part
of' the light-projected region of the second light source unit is
projected with light.

Moreover, it is preferable that the light-projecting device
according to the present invention is configured in such a
manner that the illuminated region includes a predetermined
set region, the light-projecting device further including: a
light projection detection section that detects whether or not
the distribution of light of other plurality of light source units
excluding a first light source unit out of the plurality of light
source units is normally carried out, wherein when the pro-
jection of light by the other plurality of light source units
excluding the first light source unit is carried out normally, the
first light source unit projects no light and the other plurality
of light source units project light to the set region in a parti-
tioning manner, and when the light projection detection sec-
tion detects that the projection of light by any one light source
unit out of the other plurality of light source units is not
carried out normally, the first light source unit projects light to
at least a part of the light-projected region of that light source
unit by which the projection of light is not normally carried
out.

Moreover, the light-projecting device according to the
present invention may be configured so as to furtherinclude a
light radiating section that radiates light to be received by the
light emitting section, the light emitting section scattering the
light received from the light radiating section.

Moreover, the light-projecting device according to the
present invention may be configured so as to furtherinclude a
light radiating section that radiates excitation light as light to
be received by the light emitting section, the light emitting
section emitting light by being excited by the excitation light
received from the light radiating section.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
light emitting section at least contains fluorescent material
that emits fluorescence upon receiving the excitation light.

According to the configuration, the light emitting section at
least contains fluorescent material that emits fluorescence
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upon receiving excitation light. Hence, it is possible to use the
fluorescence emitted by the fluorescent material as illumina-
tion light. Moreover, by containing various kinds of fluores-
cent material in the light emitting section, it is possible to emit
fluorescence of various colors, and generate illumination
light of a desired color.

Moreover, the light-projecting device according to the
present invention may be configured in such a manner that the
light radiating section radiates a laser beam.

According to the configuration, it is possible to scatter a
laser beam received from the light radiating section by the
light emitting section and use this as illumination light. Alter-
natively, it is possible to efficiently excite the light emitting
section with use of the laser beam.

Furthermore, in the configuration, it is possible to reduce
the size of the irradiated range of the light emitting section to
which the laser beam is radiated. Hence, it is possible to make
the size of the light emitting section with respect to the size of
the light distribution section relatively small.

A vehicle headlamp according to the present invention
includes the light-projecting device.

According to the configuration, the vehicle headlamp
includes the light-projecting device. Hence, it is possible to
accomplish a vehicle headlamp that can efficiently form a
desired illuminated region.

A vehicle headlamp according to the present invention is a
vehicle headlamp including the light-projecting device,
wherein when the identification section identifies that the
object is an oncoming vehicle or a leading vehicle, the light
quantity control section reduces the quantity of light of the
light source unit that is projected to the light-projected region
in which the oncoming vehicle or the leading vehicle is
detected.

According to the configuration, when the object detected
by the object detection section is identified as an oncoming
vehicle, a leading vehicle or the like, the light quantity control
section controls the light source unit and reduces the quantity
of light that is projected to the oncoming vehicle, the leading
vehicle or the like.

Hence, according to the configuration, it is possible to
reduce the uncomfortable glairiness and dazzling given to the
driver or the like of the oncoming vehicle or leading vehicle.
As a result, it is possible to achieve a safe and comfortable
traffic environment.

Moreover, the vehicle headlamp according to the present
invention may be configured in such a manner that when the
identification section identifies that the object is a traffic sign
or an obstacle, the light quantity control section increases the
quantity of light of the light source unit to be projected to the
light-projected region in which the traffic sign or the obstacle
is detected.

According to the configuration, when the detected object is
identified as a traffic sign, an obstacle or the like, the light
quantity control section increases the quantity of light that is
projected to the traffic sign, the obstacle or the like.

Hence, with the configuration, it becomes possible to accu-
rately read a traffic sign and recognize an obstacle or the like
by eyesight, by illuminating the traffic sign, obstacle or the
like brightly. As a result, it is possible to achieve a safe traffic
environment.

A vehicle headlamp according to the present invention is a
vehicle headlamp including the light-projecting device,
wherein when the identification section identifies the object
as a pedestrian, a light vehicle, or a motorcycle, the light
quantity control section makes the light source unit that
projects light to the light-projected region in which the pedes-
trian, the light vehicle, or the motorcycle is detected, to blink.
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Inthe configuration, when the object detected by the object
detection section is identified as a pedestrian, a light vehicle,
or a motorcycle, the light quantity control section controls the
light source unit and makes the light projected to the pedes-
trian, the light vehicle, or the motorcycle to blink.

Therefore, according to the configuration, it is possible to
attract attention of the pedestrian and the like to an approach-
ing vehicle that has the light-projecting device, without pro-
viding excess glairiness to the pedestrian or the like, while
also, notifying to a driver of the vehicle, of the pedestrian or
the like. As a result, it is possible to achieve a safe traffic
environment.

Moreover, the vehicle headlamp according to the present
invention may be configured in such a manner that the light
quantity control section makes the light source unit blink with
a frequency of not less than 1 Hz but not more than 10 Hz.

According to the configuration, by having the frequency
with which the light source unit is made to blink be not less
than 1 Hz but not more than 10 Hz, it becomes more easy for
the pedestrian, the driver or the like to recognize the blinking
of the light source unit.

Hence, according to the configuration, it is possible to
effectively notify the pedestrian, the driver or the like of the
approaching of a vehicle or the presence of a pedestrian or the
like.

Moreover, the vehicle headlamp according to the present
invention may be configured to further include a distance
detection section that detects a distance between (a) the
pedestrian, the light vehicle, or the motorcycle and (b) the
vehicle in which the light-projecting device is provided, the
light quantity control section raising the frequency with
which the light source unit is made to blink, as the distance
detected by the distance detection section becomes shorter.

According to the configuration, as the distance detected by
the distance detection section becomes shorter, the light
quantity control section raises the frequency with which the
light source unit is made to blink. Hence, it is possible to
effectively notify the pedestrian, the driver or the like of the
approach of a vehicle or the presence of a pedestrian.

The vehicle headlamp according to the present invention is
a vehicle headlamp including the light-projecting device,
wherein the illuminated region includes (i) a first illuminated
region and (ii) a second illuminated region positioned in the
vicinity of a left side and a right side of the first illuminated
region, and the light quantity control section controls on and
off of the lighting of the light source unit that projects light to
the second illuminated region in accordance with a traveling
condition including a traveling speed or a traveling direction
of'the vehicle in which the light-projecting device is provided.

According to the configuration, the light quantity control
section controls the on and off of the light source unit that
projects light to the second illuminated region positioned in
the vicinity of a left side and a right side of the first illuminated
region, in accordance with traveling conditions including
traveling speed or a traveling direction of the vehicle on
which the light-projecting device is loaded.

Hence, with the configuration, it is possible to carry out
control in accordance with the traveling conditions, such as
by illuminating the second illuminated region to illuminate a
broad range. This thus achieves a safe driving environment,
and further reduces electricity consumption of the vehicle
headlamp.

Moreover, the vehicle headlamp according to the present
invention may be configured in such a manner that when the
traveling speed of the vehicle is not more than a predeter-
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mined speed, the light quantity control section controls to
light on the light source unit that projects light to the second
illuminated region.

In the foregoing configuration, when the traveling speed of
the vehicle is not more than a predetermined speed, the light
quantity control section lights on the light source units that
project light to the second illuminated region. This allows for
illuminating a broad range by illuminating the second illumi-
nated region. Hence, it is possible to switch between states,
for example in a case of traveling at a low speed in the urban
area or the like, the light source units that project light to the
second illuminated region are lighted on to illuminate a broad
range including around the forward direction of the vehicle,
and on the other hand, in a case of traveling at a high speed on
an expressway or the like, the light source units that project
light to the second illuminated region is lighted off, to just
illuminate the forward direction of the vehicle.

Hence, according to the configuration, it is possible to
illuminate a necessary range in accordance with the traveling
speed of the vehicle. Accordingly, it is possible to achieve
both a safe driving environment and a reduction in electricity
consumption of the vehicle headlamp.

Moreover, the vehicle headlamp according to the present
invention may be configured in such a manner that when the
vehicle turns left or right, the light quantity control section
controls to light on the light source unit that projects light to
the second illuminated region positioned on a side in the
direction that the vehicle is to turn.

In the configuration, when the vehicle turns left or right, the
light quantity control section controls to light on the light
source unit that projects light to the second illuminated region
positioned in a side of the direction in which that vehicle
turns. Hence, it is possible to broaden the range that the light
is illuminated, on a side in the direction to which the vehicles
turns.

Hence, according to the configuration, it is possible to
illuminate the direction to which the vehicle turns, in
response to the traveling direction of the vehicle. This allows
for improving the visibility of the driver, and thus achieves a
safe driving environment.

Moreover, the vehicle headlamp according to the present
invention may be configured to further include an operation
detection section that detects a direction of a handle operation
of'the driver, the light quantity control section lighting on the
light source unit, in response to the direction of the handle
operation detected by the operation detection section.

According to the configuration, the vehicle headlamp fur-
ther includes an operation detection section that detects a
direction of a handle operation by the driver. This hence
allows for detecting a direction that the vehicle is to turn,
based on the handle operation by the driver.

A vehicle headlamp according to the present invention is a
vehicle headlamp including the light-projecting device, and
may be configured in such a manner that the set region is set
based on a light distribution characteristics standard for a
vehicle headlamp in which the light-projecting device is pro-
vided, and the light-projecting device projects light to the set
region so that the light distribution characteristics standard is
satisfied.

Supplementation

The light-projecting device according to the present inven-
tion can be expressed as described below. Namely, a light-
projecting device according to the present invention is a light-
projecting device that uses, as a light source, fluorescent
material excited by laser, and projects light with use of light-
projecting means (reflector, lens), the light-projecting device
including: a plurality of light-projecting means, each of the
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light-projecting means projecting light to different regions to
achieve a desired light distribution.

Moreover, the light-projecting device according to the
present invention is a light-projecting device that uses a plu-
rality of high-intensity light sources, and may be configured
to project light to an irradiated area in a partitioning manner
with use of a plurality of light-projecting means.

Moreover, the light-projecting device according to the
present invention may be configured further including means
for monitoring an illuminated region, wherein the illuminated
region has the quantity of light be increased or decreased at a
part of the partitioned illuminated region, in response to a
result of monitoring the illuminated region.

Moreover, the light-projecting device according to the
present invention is a light-projecting device that projects
light to a predetermined region, the light-projecting device
including: a plurality ofirradiation sections; and a plurality of
light distribution sections provided corresponding to the irra-
diation sections, respectively, each of the plurality of light
distribution sections distributing, in a predetermined direc-
tion, light emitted from its corresponding irradiation section,
the plurality of light distribution sections projecting light to
the predetermined region in a partitioning manner, a region
being a light-projected region generated as a result of light
distribution from a first light distribution section out of the
plurality of light distribution sections and being the predeter-
mined region, overlapping a light-projected region generated
as a result of light distribution from any another light distri-
bution section.

According to the configuration, the predetermined region
is projected with light in the partitioning manner by the plu-
rality of the light distribution sections. Hence, it is possible to
reduce the size of the individual light distribution sections,
and the quantity of light to be projected for every position is
easily adjusted, thereby being able to efficiently achieve
desired light distribution characteristics. Moreover, a region
that is a light-projected region generated as a result of light
distribution from the first light distribution section and that is
the predetermined region overlaps a light-projected region
generated by the distribution of light from any another light
distribution section. Hence, even in a case in which no light is
distributed from the first light distribution section due to a
breakdown thereof or the like, it is possible to project light to
the predetermined region to secure the desired light-projected
region.

Moreover, the plurality of light distribution sections may
be configured so as to include a plurality of the first light
distribution sections.

Moreover, the light-projecting device may be configured in
such a manner that the light-projected region generated as a
result of the light distribution from the first light distribution
section has its center position be included in the light-pro-
jected region generated as a result of the light distribution of
the any another light distribution section.

Moreover, the light-projecting device may be configured in
such a manner that the predetermined region is included in
any another light-projected region generated as a result of
light distribution from any other plurality of light distribution
sections other than the first light distribution section out of the
plurality of light distribution sections.

Moreover, the light-projecting device may be configured in
such a manner that the predetermined region is projected with
light in a partitioning manner, in a sideways direction and/or
a vertical direction, by the plurality of light distribution sec-
tions.

The light-projecting device of the present invention is a
light-projecting device that projects light to a predetermined
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region, the light-projecting device including: a plurality of
irradiation sections; a plurality of light distribution sections
provided corresponding to respective ones of the irradiation
sections, each of the light distribution sections distributing, in
a predetermined direction, light emitted from its respective
irradiation section; and a light projection changing section
that enables changing of a light-projected region generated by
distribution of light from a first light distribution section out
of the plurality of light distribution sections, wherein when
the distribution of light is carried out normally from a second
light distribution section out of the plurality of light distribu-
tion sections, the plurality of light distribution sections
including the first light distribution section and the second
light distribution section projects light to the predetermined
region in a partitioning manner, and when the distribution of
light is not carried out normally from the second light distri-
bution section out of the plurality of light distribution sec-
tions, at least a part of the light-projected region of the second
light distribution section is projected with light by changing
the light-projected region of the first light distribution section
with the light projection changing section.

According to the configuration, the predetermined region
is projected with light in a partitioning manner, with a plural-
ity of light distribution sections. Hence, it is possible to
reduce the size of the individual light distribution sections,
which makes it easier to adjust the quantity of light projected
for every position, thereby being able to efficiently obtain the
desired light distribution characteristics. Moreover, with the
light projection changing section, it is possible to change the
light-projected region, which is generated as a result of the
distribution of light from the first light distribution section.
Hence, even in a case in which the distribution of light is not
carried out normally from the second light distribution sec-
tion due to a breakdown thereof or the like, it is possible to
change the light-projected region of the first light distribution
section and project light to the predetermined region by com-
pensating the distribution of light to the light-projected region
of the second light distribution section, hence being able to
secure a desired light-projected region.

Moreover, the light-projecting device may be configured
so as to further include a detection section that detects
whether or not the distribution of light from the second light
distribution section is carried out normally, wherein when the
detection section detects that the distribution of light from the
second light distribution section is not carried out normally,
the light projection changing section changes the light-pro-
jected region of the first light distribution section so that at
least a part of the light-projected region of the second light
distribution section is projected with light.

Moreover, the light projection changing section may be
configured so as to change the light-projected region by rotat-
ing or moving the first light distribution section.

Moreover, the light-projecting device further includes a
light radiating section that radiates light, wherein the irradia-
tion section emits light to the light distribution section upon
receiving the light emitted from the light radiating section,
and the light projection changing section changes the light-
projected region of the first light distribution section by
changing an irradiated position of light received from the
light radiating section, on the irradiation section correspond-
ing to the first light distribution section.

Moreover, the light-projecting device further includes a
light radiating section that radiates light, wherein the irradia-
tion section emits light to the light distribution section upon
receiving the light emitted from the light radiating section,
and the light projection changing section changes the light-
projected region of the first light distribution section by
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changing an irradiated range of light received from the light
radiating section, on the irradiation section corresponding to
the first light distribution section.

Moreover, the configuration may be one in which the first
light distribution section is disposed adjacent to the second
light distribution section, and when distribution of light is not
normally carried out from the second light distribution sec-
tion, light is projected to at least a part of the light-projected
region of the second light distribution section by the light
projection changing section changing the light-projected
region of one or a plurality of the light distribution section
disposed adjacent to the second light distribution section.

The light-projecting device of the present invention is a
light-projecting device that projects light to a predetermined
region, the device including: a plurality of irradiation sec-
tions; a plurality of light distribution sections that are each
provided corresponding to a respective one of the irradiation
sections, each of the light distribution sections distributing
light emitted from its corresponding irradiation section in a
predetermined direction; and a detection section that detects
whether or not distribution of light from other plurality of
light distribution sections excluding the first light distribution
section out of the plurality of light distribution sections is
carried out normally, wherein when the distribution of light
from the other plurality of light distribution sections exclud-
ing the first light distribution section is carried out normally,
the first light distribution section projects no light and the
other plurality oflight distribution sections project light to the
predetermined region in a partitioning manner, and when the
detection section detects that the distribution of light from any
one of the light distribution sections out of the other plurality
of light distribution sections is not carried out normally, the
first light distribution section projects light to at least a part of
the light-projected region of the light distribution section in
which the distribution of light is not carried out normally.

According to the configuration, a predetermined region is
projected with light in a partitioning manner, by a plurality of
light distribution sections (excluding a first light distribution
section). Hence, it is possible to reduce the size of each
individual light distribution section, which makes it easier to
adjust the quantity of light projected every position and
makes it possible to efficiently obtain desired light distribu-
tion characteristics. Moreover, when any one of the light
distribution section is in an abnormal state, the first light
distribution section projects light to the light-projected region
of the light distribution section in the abnormal state. Hence,
even in a case in which for example the normally used plu-
rality of light distribution sections excluding the first light
distribution section or its corresponding irradiation section
breaks down, the first light distribution section projects light
instead. Hence, it is possible to secure the desired light-
projected region.

Moreover, the light-projecting device may include a light
radiating section that radiates excitation light, the irradiation
section emitting light by being effected by the excitation light
received from the light radiating section.

Moreover, the configuration may be one in which the light
radiating section radiates laser, and the irradiation section
emits light by being excited by the laser.

Moreover, the light-projecting device may be one includ-
ing a light radiating section that radiates light, the irradiation
section scattering the light that is received from the light
radiating section.

Moreover, the light radiating section may be configured to
radiate a laser, the irradiation section scattering the laser.

Moreover, a vehicle headlamp of the present invention may
be configured to include the light-projecting device, wherein



US 9,108,568 B2

47

the predetermined region is set with a light distribution char-
acteristics standard for a vehicle headlamp, and the light-
projecting device projects light to the predetermined region
so that the light distribution characteristics standard is satis-
fied.

INDUSTRIAL APPLICABILITY

The present invention is suitably used for various illumi-
nation devices, in particular for a vehicle headlamp, which
present invention enables improvement of light distribution
characteristics of these various illumination devices.

REFERENCE SIGNS LIST

1 light source unit (a plurality of light source units)

1a to 1e light source unit

2 laser element (light radiating section)

4 light emitting section

4a scattering section (light emitting section)

5 reflector (light distribution section)

5a to 5i reflector (light distribution section)

7 metal base

7a slope section

11 to 14 illuminated region

11a to 11i light-projected spot (light-projected region)

17 metal base

20 master flat plane

21a to 21f light source unit

25 reflector (light distribution section)

25a to 25i reflector (light distribution section)

26 reflector (light distribution section)

26a reflector (light distribution section)

28 pillar

28a pillar

31 illuminated region

31A illuminated region (first illuminated region)

31B illuminated region (second illuminated region)

31C illuminated region (second illuminated region)

31a to 31f light-projected spot (light-projected region)

35 reflector (light distribution section)

41 object detection section

41a to 41e light source unit

42 identification section

43 light quantity control section

44 distance detection section

45 handle operation detection section (operation detection
section)

46 breakdown detection section (light projection detection
section)

47 drive control section (light projection changing section)

48 unit drive section (light projection changing section)

49 optical element (light projection changing section)

51 illuminated region

61a to 61e light source unit

62 light source unit

63a to 63¢ light source unit

81a to 81e light source unit

82 auxiliary light source unit

100 light-projecting device (vehicle headlamp)

120 light-projecting device (vehicle headlamp)

140 light-projecting device (vehicle headlamp)

160 light-projecting device (vehicle headlamp)

180 light-projecting device (vehicle headlamp)

200 light-projecting device (vehicle headlamp)

A to D set region

D1 to D4 partial region

F oncoming vehicle (object)

M loaded vehicle (vehicle)

P pedestrian (object)
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What is claimed is:
1. A light-projecting device, comprising:
a plurality of light source units each including (i) a fluo-
rescent light emitting section that emits light upon
receiving a laser beam and (ii) a light distribution section
provided corresponding to the fluorescent light emitting
section, the light distribution section distributing light
from the fluorescent light emitting section to a part of an
illuminated region,
each of the light source units projecting light from the
fluorescent light emitting section to a corresponding
light-projected region, the light-projected region
being a partitioned region of the illuminated region,

the illuminated region being formed by combining a
plurality of the light-projected region to which light is
projected from a corresponding one of the light source
units,
a light quantity control section capable of individually
controlling a quantity of light of the plurality of light
source units; and
an object detection section that detects an object inside the
light-projected region,
the light quantity control section controlling the quantity
of light of the light source unit, to be projected to the
light-projected region in which the object is detected
by the object detection section, and

a center of each of the light-projected regions being
positioned outside its adjacent ones of the light-pro-
jected regions.

2. The light-projecting device according to claim 1,
wherein the plurality of light source units project light to the
illuminated region in a manner partitioning the illuminated
region at least in a sideways direction.

3. The light-projecting device according to claim 1,
wherein the illuminated region includes a predetermined set
region, and

aregion in the set region that is included in a light-projected
region of a first light source unit out of the plurality of
light source units, overlaps a light-projected region of
any other one of the light source units.

4. The light-projecting device according to claim 1, further
comprising a light radiating section that radiates the laser
beam as light to be received by the fluorescent light emitting
section,

the fluorescent light emitting section emitting light by
being excited by the laser beam received from the light
radiating section.

5. A vehicle headlamp system, comprising the light-pro-

jecting device recited in claim 1.

6. The vehicle headlamp system according to claim 5,
further comprising an identification section that identifies a
kind of the object detected by the object detection section.

7. The vehicle headlamp system according to claim 6,
wherein the identification section identifies the kind of the
object by image recognition.

8. The vehicle headlamp system according to claim 6,
wherein, when the identification section identifies that the
object is an oncoming vehicle or a leading vehicle, the light
quantity control section reduces the quantity of light of the
light source unit that is projected to the light-projected region
in which the oncoming vehicle or the leading vehicle is
detected.

9. The vehicle headlamp system according to claim 6,
wherein

when the identification section identifies that the objectis a
traffic sign or an obstacle, the light quantity control
section increases the quantity of light of the light source
unit to be projected to the light-projected region in which
the traffic sign or the obstacle is detected.
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10. The vehicle headlamp system according to claim 6,
wherein, when the identification section identifies the object
as a pedestrian, a light vehicle, or a motorcycle, the light
quantity control section makes the light source unit that
projects light to the light-projected region in which the pedes-
trian, the light vehicle, or the motorcycle is detected, to blink.

11. The vehicle headlamp system according to claim 10,
further comprising a distance detection section that detects a
distance between the pedestrian, the light vehicle, or the
motorcycle and the vehicle in which the light-projecting
device is provided,

the light quantity control section raising the frequency with

which the light source unit is made to blink, as the
distance detected by the distance detection section
becomes shorter.

12. The vehicle headlamp system according to claim 5,
wherein

the illuminated region includes (i) a first illuminated region

and (ii) a second illuminated region positioned in the
vicinity of a left side and a right side of the first illumi-
nated region, and

the light quantity control section controls on and off of the

lighting of the light source unit that projects light to the
second illuminated region in accordance with a traveling
condition including a traveling speed or a traveling
direction of the vehicle in which the light-projecting
device is provided.

13. The vehicle headlamp system according to claim 12,
wherein, when the traveling speed of the vehicle is not more
than a predetermined speed, the light quantity control section
controls to light on the light source unit that projects light to
the second illuminated region.

14. The vehicle headlamp system according to claim 12,
wherein when the vehicle turns left or right, the light quantity
control section controls to light on the light source unit that
projects light to the second illuminated region positioned on
a side in the direction that the vehicle is to turn.

15. The vehicle headlamp system according to claim 14,
further comprising an operation detection section that detects
a direction of a handle operation of the driver,

the light quantity control section lighting on the light

source unit, in response to the direction of the handle
operation detected by the operation detection section.

16. The light-projecting device according to claim 1, fur-
ther comprising an identification section that identifies a kind
of the object detected by the object detection section.

17. The light-projecting device according to claim 16,
wherein the identification section identifies the kind of the
object by image recognition.
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18. The light-projecting device according to claim 16,
wherein the light quantity control section, in response to the
kind of the object identified by the identification section,
controls the quantity of light of the light source unit, to be
projected to the light-projected region in which the object is
detected.

19. A light-projecting device, comprising:

a plurality of light source units each including (i) a light

emitting section that emits light upon receiving light and

(ii) a light distribution section provided corresponding

to the light emitting section, the light distribution section

distributing light from the light emitting section to a part

of an illuminated region,

each of the light source units projecting light from the
light emitting section to a corresponding light-pro-
jected region, the light-projected region being a par-
titioned region of the illuminated region,

the illuminated region being formed by combining a
plurality of the light-projected region to which light is
projected from a corresponding one of the light source
units, and the illuminated region including a prede-
termined set region, and

a light projection changing section that enables a light-

projected region of a first light source unit out of the

plurality of light source units to be changed,

while the projection of light from a second light source
unit out of the plurality of light source units is carried
out normally, the plurality of light source units includ-
ing the first light source unit and the second light
source unit projecting light to the set region in a par-
titioning manner, and

while the projection of light from the second light source
unit out of the plurality of light source units is not
carried out normally, the light-projected region of the
first light source unit is changed by the light projec-
tion changing section so that at least a part of the
light-projected region of the second light source unit
is projected with light.

20. The light-projecting device according to claim 19, fur-
ther comprising a light projection detection section that
detects whether or not the projection of light from the second
light source unit is carried out normally, wherein

when the light projection detection section detects that the

projection of light from the second light source unit is
not carried out normally, the light projection changing
section changes the light-projected region of the first
light source unit so that at least a part of the light-
projected region of the second light source unit is pro-
jected with light.
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